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ACCELERATION OF HEALING BY PRESSURE 
APPLICATION TO EXPERIMENTAL THERMAL 
BURNS * 

G. R. Cameron, J. \V. Allen, R. F. G. Coles and 
J. P. Rutland 

In a previous paper (Cameron c t al., 1045) wc described an experi- 
mental investigation of some of the effects of applying pressure to 
thermal bums. We showed that the prompt application of pressure 
bandages to severely burnt limbs of goats retarded the loss of plasma 
from blood vessels injured by heat, diminished or prevented the 
occurrence of< hmmoconcentration and favourably influenced the 
clinical condition of the animals. We emphasised the need for early 
action and produced some evidence that delay in treatment beyond 
four hours after burning gave unfavourable results. These observa- 
tions were limited to the 24 hours immediately after injury. 

In this paper wo describe experiments plnnned to find out (1) 
whether prompt pressure treatment influences the henling of burns, 
(2) how long pressure should bo maintained in order to get the best 
results nnd (3) the effect on healing of delaying pressure treatment. 
We also give some information about treatment of burns with penicillin 
cream nnd Camzol cream (an ointment containing sulphatliiazolo, 
zinc oxide and amyl salicylate). The measure of healing adopted in 
most of these experiments was the timo in days taken for complete 
repair of standard burns. 

Methods 

I. Adult female goats 20-40 Kg. body weight, were nni^thctiscd by 
intnwcnmia administration of Xembutal (15 mg./kg. BAY.), and tho c!o«oly 
clipped ngJu fore] s mb burnt by immennne it for 2$ minutes m water kept at 

v * A report to tho Hum* StibcomtniUfv* of tho Mcthoal Revareh Council Vf War 
” oumU Committee. 

Jort* or rim — tol irm l a 
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a steady temperature of 80° C. This method is identical in all respects with 
that used in our previous work, except that one limb only, was burned. The 
area of burning extended from the hoof to 5 cm. above the knee joint and 
involved approximately 5 per cent, of the total body surface. Bums were of 
the same extent and degree in treated and control goats, for animals were 
carefully selected so as to give pairs of nearly the same body weight and build 
and technique was strictly adhered to in each pair. Quick-setting Cellona 
plaster bandages were closely wrapped around the burnt limb, with a consider- 
able overlap beyond the bum margin. A layer of dry sterile gauze separated 
the plaster from the skin. The bandages were kept on for 30 days. Control 
goats received no plaster application, but were dressed with dry sterile gauze 
covered with an ordinary bandage kept in position by a strip of Blastoplast 
for 30 days. Dressings were thereafter changed at frequent intervals during 
healing, with both pressure-treated and control animals. 

Since the goats were housed in an ordinary shed with a straw covering 
to the floor, it was essential to control infection, preferably by some means 
other than local applications of antiseptics. Tins was done by daily intravenous 
administration to each goat of soluble sulphathiazole (May and Baker’s Thias- 
amide sodium) in amounts sufficient to maintain a blood sulphonamide level 
of 3 mg. per cent. Usually a dose of 50 mg./kg. B.W. sufficed, but the amount 
was checked each week by estimation of the sulphonamide content of each 
animal’s blood and the dose adjusted accordingly. No evidence of sensitisation 
to sulphonatnides was detected. 

In addition to following through to completion the healing times of bums 
in pressure-treated and untreated goats, a series was used for studying the 
progress of healing. Pairs of animals, one treated with pressure, the other . 
without, were shot at intervals after burning. The weights of the burnt leg 
and the corresponding normal leg were determined, the burnt tissue dissected 
off and its weight compared with the corresponding amount of tissue from the 
normal left forelimb, and sections prepared for histological examination as 
described in our previous report. Here again, much care was taken to select , 
animals of similar weight and build for comparison at the different stages. 

2. In a second series, pressure treatment was initiated at once but the 
plaster bandage was removed at varying intervals after burning. Thus in a 
group of 6 goats the plaster was removed after 3 days, in 5 goats after 9 days 
and in 4 goats after 10 days. For comparison with these we had the 8 goats of 
the previous experiment from which the plaster had been removed 30 days 
after burning. In all instances, sulphathiazole was administered intravenously 
at daily intervals. After removal of the plaster, the burnt limb was simply 
enclosed in sterile gauze and covered by a bandage secured with Blastoplast ; 
this was renewed at frequent intervals. In a few cases with local sepsis, penicillin 
cream was applied, pus being washed away with sterile saline. Suppuration 
invariably cleared up in a few days. This complication was confined to animals 
in- which the plaster bandage had been removed 3 days after burning. It was 
striking how seldom local infection occurred provided the pressure bandages 
were retained for 9 days or longer. 

3. In a third series, pressure treatment was commenced 2 or 4 hours after 
burning and maintained for 19 days ; such animals were treated as in the 
second series. These also received daily intravenous doses of sulphathiazole. 

4. In a fourth series, goats with standard bums were treated with local 
applications of penicillin cream * and Camzol cream f protected with sterile 


* Tho penicillin cream was prepared from 120 g. Lanette wax SX, distilled water 
and 350 units of penicillin per g. of final product. 

+ Caxnzol cream is composed of sulphathiazole 5 parts, a calamine preparation 
5 carts, zinc oxide 5 parts, amyl salicylate 25 parts, Lanette wax 4 parts, distilled 
water (00° F.) to 100 parts. We are indebted to Mr T. Truckle for this formula. 
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pauze coverings but no pressure bandages. This group constituted a further 
control to the first experiment. 

The number of animals in each of theso experimental groups was not largo, 
but the results were so consistent that we have little doubt they give a correct 
picture of what was happening Limited accommodation and the amount of 
work entailed in the daily inspection and sulphathiazolo administration prevented 
us from dealing with larger numbers , it was our intention to carry out further 
experiments, but the termination of the European War brought our plans to 
nn end 

Wo assessed healing by (1) tho disappearance of all scabs, (2) tlio return 
of freo mobility of tho soft structures m relation to the bony framework, (3) 
complete opithclisation of the burnt area and (4) resumption of normal function 
in tho affected hmb, as shown by tho animal’s use of the limb m walking A 
further chock Mas obtained by microscopic examination of selected areas of tho 
burnt region, 

* Results 

1 The prompt application of pressuie to a burn and its 
maintenance for 30 days led to accelerated liealmg Table I 
summarises the results for 8 goats so treated, together with 7 control 
animals kept under identical conditions. The mean healing tune for 


Table X 

Effect on healing hmes of applying pressure bandage immediately aflcr burning 


JVmrc bandage applied for 30 days 

Vo pressure bandage 

Stili Iiathlarol 

IV 

Solphathlazole I \ 

Penicillin cream 

Camzol cream 

(•cut 

Healing time 
(days) 

Goal 

Healing time 
(days) 

Goat 

Healing time 
(days) 

Goat 

Healing tlmo 
(days) 

184 

34 

192 

38 

207 

70 

2GI 

50 

185 

ai 

103 

53 

20S 


2G2 

70 

180 

37 

194 

50 

209 


203 

58 

187 

12 

105 

51 

270 

75 

PO£l 

50 

188 

42 

190 

70 

271 

died 

Buipfl 

58 

m 

40 

197 

SO 

272 

55 

IlMJ 



47 

ns 

87 



m 


L »' 

34 





■ 


Mean healing timo 

10 Z±\ 8 

| 03=5 7 

j 02 


53 


tho pressure-treated goats was 30*o^l a 8 days, for the controls G3± 
f>*7 days. A significant reduction had thorofore resulted. Table I also 
gives information about goats treated by applying penicillin cream 
and Camzol cream to the bums, without emplo 3 dng pressure. 
Fhc mean healing times for these groups were 02 and 58 days 
respectively, figures which are not far removed from the mean for 
the other control group 

There was no doubt of the beneficial effects of plaster bandaging 
When the bandages were removed after 30 days the limbs showed 
little swelling, repair was well advanced and the animals soon used 
the affected limbs freely. By tho 38th day most of theso goats 

/ * / 
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burnt legs and skin. Although we do not wish to place too piuch 
emphasis on the quantitative results, there is no question that 
pressure-treated animals throughout this period df observation showed 
much lighter bums than the control animals. Histological examination 
of the limbs showed that pressure application is associated with less 
oedema in and' around the bum and less intense leucocytic infiltration 
and tendency to abscess formation, whilst healing of epidermis and 
dermis is, on the whole, more advanced at corresponding stages, 
with the formation of much less reparative tissue. 

We conclude from these experiments that pressure treatment of 
a bum (1) reduces the severity of local oedema, (2) accelerates the 
rate of healing, (3) diminishes the amount of reparative tissue and 
(4) probably reduces the tendency to local sepsis. 

2. The effect of removing plaster bandages from bums at various 
intervals is clearly' shown in table HI. The mean healing time for 


■ Table III 

Effect on healing times of removing pressure bandages at 
varying intervals after burning 


PreSsure bandage removed after 

3 days 

0 days 

1G days 

30 daya 

Goat 

Healing time 
(days) 

Goat 

Healing time 
(days) 

Goat 

Healing time 
(days) 

Goat 

Healing time 
(days) 

243 

70 


mm 

255 

42 

184 

34 

244 ~ * 

70 



256 

46 

185 

34 

245 

70 

252 

46 

258 

40 

186 

37 

246 

60 

253 

44 

260 

36 

187 

42 

247 

70 

254 

42 



18S 

42 

248 

60 





189 

46 







190 

47 







191 

34 

Mean healing time 

66-7 


43 


41 


39-5 


bums in which the pressure bandages were kept on for 3 days only' 
was 66-7 days. With 9 days’ pressure the mean healing time was 
43 days, with 1G days’ pressure it was 41 days, and with 30 days’ 
pressure wo have seen that healing was judged to be complete on an 
average in 39-5 days. It seems that a minimal period of at least 
9 days is necessary if the best results are to be obtained from pressure 
application. It is 'doubtful whether prolonged pressure treatment 
is advantageous, since there is little difference between the healing 
time with 30 day's’ pressure and that with 9 or 16 days’ pressnre. 

The poor, results with restricted pressure treatment (3 day's) is 
not surprising, for when the plaster was removed after this short 
interval severe oedema developed at the bum site within a few hours. 
It appeared that vascular equilibrium had not yet been established in 

Jocra. or rini. — voi. i.nn A 2 
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the burn. This effect was independent of the presence of sepsis, for 
it was equally marked in perfectly clean burns. Similar conclusions 
have been reached by Glenn ct al. (1943) from experiments with dogs. 

3. In table IV is shown the effect on healing time of delay in 
applying pressure bandages to burns. With 2 hours 5 delay the mean 


Tabus IV 

Effect on healing times of delay in application of pressure bandage 


Pressure bandage applied 

immediately after burning * 

2 hours after burning f 

4 hours after burning 1 

Goat 

Healing time 
(days) 

Goat 

Healing time 
(days) 

Goat 

Healing time 
(days) 

184 

34 

235 

54 

239 

45 

185 

34 

236 

54 

240 

49 

180 

37 

237 

45 

241 

54 

181. 

42 

238 

54 

242 

54 

188 

42 





180 

40 





190 

47 





191 

34 





Mean healing times 

39-5 


* 

51-5 


50-5 


% Pressure bandages applied for 80 days, 
t Pressure bandages applied for 10 days. 


healing time was 51-5 days. Much the same result followed upon 
a delay of 4 hours (mean healing time 50-5 days). We have included 
in this table the results for immediate pressure treatment, where 
a mean healing time of 39-5 days was obtained with burns to winch 
plaster bandages were applied within a few minutes of burning. 
These results are not strictly comparable, for the plaster had been 
removed 30 days after application whereas in the other two groups 
it was removed after 19 days. But our previous experiments indicate 
that removal of plaster between the 9th and 30th days after burning 
does not make much difference in healing times, so that this criticism 
is perhaps not a serious one. 

We conclude from this study that the pressure treatment should be 
initiated as soon as possible after burning if the best healing results 
are to be obtained. Nevertheless, with a delay of 2 or 4 hours, healing 
is still favourably influenced, since the mean healing time was reduced 
from 63 days in goats without pressure to 50-5* days in goats with 
pressure applied 4 hours after burning. 

4. We have already drawn attention to the less favourable healing 
of hums treated by the local application of penicillin cream or Camzol 
cream. In both groups mean healing times were almost identical 
with that in goats treated by intravenous sulphathiazole and gauze 
dressings. 
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Discussion 

Our experiments show that pressure treatment of extensive second 
and third degree burns of the extremities of a large animal, the goat, 
has a beneficial influence on the healing of such burns. Prompt 
application of plaster bandages has reduced very considerably the 
mean healing, time of standard bums as compared with similar bums 
simply dressed with sterile gauze enclosed in bandages without 
pressure. In both instances, chemotherapy was strenuously em- 
ployed through the agency of daily intravenous administration of 
sulphathiazole controlled by estimation of the blood sulphonamide 
level. 

Our experiments also suggest that some benefit may be expected 
even when pressure treatment is delaj'ed for 2 or 3 hours. There 
seems to bo a direct relationship between promptitude of treatment and 
healing — the sooner pressure is applied the more rapid is the healing 
of the bum. But there is a limiting time to this rule, for delay 
beyond 4 hours is unlikely to give good results. The determining 
factor is most likely the rate at which oedema develops in the burnt 
area. In our previous report on the effects produced by pressure 
treatment during the first 24 hours after burning, we gave much 
evidence that the maximum loss of plasma from the blood vessels 
of a burnt area, i.e. the oedema, takes place within 4 hours of burning. 
The important period, we felt, is the first half-hour, for plasma loss 
is extremely pronounced then. When such an area is compressed 
with plaster, a striking reduction in plasma loss occurs and cedema 
is greatly diminished. Our more recent experiments have confirmed 
these conclusions and have added the interesting fact that healing 
of a compressed bum is much hastened. It is difficult to escape 
the conclusion that there is a close connection between these facts 
, and that, because of the diminution of local cedema brought about 
by pressure treatment, healing is favourably influenced. Histological 
studies have impressed us with the lessened formation of reparative 
tissue in a healing compressed burn contrasted with an uncompressed 
bum. This no doubt depends on the amount of fibrin deposited 
from the plasma set free in and around the bum. If plasma in- 
filtration is reduced fibrin production is diminished, .and there is 
less of this “ foreign ” material to be removed subsequently by 
phagocytes and enzyme action. In other- words, the inflammatory 
reaction around the burn will be less pronounced if there is less fibrin 
present and the burden placed upon the tissues in the course of repair 
will bo lightened. We believe pressure to act in this way, and we are 
encouraged in this view- - by the observation that usually there is 
considerable shrinkage of the burnt tissues 24 hours after applying 
pressure, a fairly wide gap then existing between the plaster and the 
skin surface. It is difficult to 'see how such a bandage can exert 
much pressure from then on. No doubt it is beneficial in immobilising 
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the affected limb by acting as a splint and giving .support and rest 
to a part which requires these for uninterrupted healing. It is possible 
of course that other factors may be concerned, since we have shown 
that if the plaster be removed a few days after burning, oedema 
promptly occurs and healing is considerably delayed. A critical phase 
thus appears to exist for some days following burning, winch is 
counteracted by immobilising the limb in a plaster casing, but we 
have no clear conception of what underlies this phase. 

Our experiments also suggest that there is' no point in prolonging 
the pressure treatment after the critical phase is passed. Much 
more elaborate experiments would be required to determine with 
accuracy the optimum time for terminating pressure, but it seems to 
be somewhere in the region of a week. Glenn et al. have expressed 
similar views based on their experiments with dogs, and we under- 
stand that human experience agrees with this conclusion. By this 
time repair is well in evidence and granulation tissue is forming, 
whilst new blood vessels are being laid dowii. It is possible that such 
vessels may now have acquired a certain degree of stability which 
enables them to resist the wear and tear of tissue movement so that 
they can stand up to the increased stresses thrown upon them when 
the plaster bandage is removed. But here we touch upon a field of 
pathology about which very little is known, and still less is to be gained 
by theorising. 

Diminished formation of fibrin through the inhibition of cedema 
by pressure may also be responsible for the lessened incidence of 
infection which has struck us so forcibly in these experiments. Fibrin 
is generally regarded as an excellent culture medium for bacteria. 
If it be reduced in amount, then it is* possible that / che chances of 
bacterial growth are also reduced, especially if sulphonamides are 
circulating in the blood and tissue fluids, as was the case with our 
animals. 

Because of the reduction in inflammatory reaction and the more 
rapid healing, together with the lessened tendency to infection, it is 
not surprising that deformity is not so marked in a burnt limb treated 
with pressure as in one treated without. Adhesions around joints 
and between tendons were noticeably fewer and finer^on dissection 
and left the goats with no permanent disability. 

Finally we would emphasise the need for caution in applying 
these results to man, for mechanical factors alone are widely divergent 
in the two species and there may be further variables which affect the 
conclusions. 

Conclusions 

1. The prompt application of pressure bandages to thermal burns 
of the extremities of goats accelerates the rate of healing and greatly 
reduces the mean healing time. 

2. Pressure interferes with effusion of plasma and the formation 
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of fibrin at the burn site, decreases the amount of reparative tissue 
and probably lessens the chance of local infection. 

3. Pressure should be applied as soon as possible after burning to 
get the best results. A delay of 4 hours is probably the limit for 
beneficial effects. 

4. There is no need to maintain pressure application for much 
longer than a week, for there is very little difference in mean healing 
times of standard bums treated with pressure for 9, 16 or 30 days. 
Removal of pressure bandages during a critical phase lasting for 
several days after burning is followed by severe oedema of the 
burned area and delay in healing. 

Our thanks are due to tho Director-General, Scientific Research and 
Development, Ministry of Supply, for permission to carry out and pubhsh this 
investigation. 
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576 . 8 . 077 • 35 : 57 ^ -851. 555 (Cl. cedematiens and Cl. seplicum) 

HEMOLYSIN TESTS f6r THE RAPID IDENTIFI- 
CATION OF -CL. (EDEMA TIENS AND CL. 
SEPTICUM ■ 

Nancy J. Hayward >: ' and J. A. B. Gray 


From the Department of bacteriology. University College Hospital 
. Medical School. London 


The cultural and biochemical tests for the identification of pathogenic 
Clostridia are extravagant of time and material, entailing long 
incubation and numerous test media to distinguish the closely 
■ similar non-pathogenic speoies. In-vitro serological tests; depending 
on specific toxins provide a quick alternative, since they are usually 
easy to apply. The Nagler test (Hayward, 1943) provides a ready 
means of distinguishing Cl. welchii. For the two remaining species 
of the chief gas-gangrene clostridia — Cl. septicum and Cl. cedematiens 
—•rapid identification by luemolysins has been investigated. The 
routine use of antitoxin-controlled hEemolysin tests for the identifica- 
tion of clostridia was proposed by Heed and Orr (19416), who advocated 
tests of 24-hour gelatin-thioglycollate broth cultures against rabbit 
red cells, both with and without “ antitoxin ”. The antitoxin was not 
specified except as having been prepared against the toxin of a given 
species. There are, however, many variable factors which must be 
standardised before a reliable qualitative test can be defined for 
routine use. For example, where an organism elaborates more than 
one hsemolysin, the culture medium determines to a large extent 
the type of hromolysin produced and growth conditions must be 
choson to avoid the production of oxygen-labile lysins, which arc 
antigenically related in Cl. welchii. Cl. telani (Todd, 1941) and Cl. 
vdematiens (C. L. Oaldey, personal communication). Again, antitoxic 
sera prepared for the therapy of infections with a given Clostridium 
do -not necessarily contain antibodies specific for the hsemolysins 
produced by the Clostridium in culture and may- contain large amounts 
of antihminolysins for other species, since it is common for one animal , 
to bo used for the preparation of several different antisera. Finally, 
tlio actual haemolytic test must be performed with careful attention 
to the preparation of the red cells and to the pH of the reacting mixture. 

The lysins for human red cells produced by Cl. adematiens and 
Cl. septicum in Brower’s medium (Brewer, 1940) are serologically 
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species-specific, and by selection of appropriate antisera it has proved 
possible to identify the two organisms by a hemolysin test within 
48 and sometimes even 24 hours of the receipt of pathological material. 

Technical considerations 

The medium. Brewer’s medium was qualitatively satisfactory, since the 
cedematicns and sept i. cum hemolysins formed in it were completely neutralised 
by monospecific antisera (see below). In cooked meat medium and in media 
containing a strip of iron (Hayward and Miles, 1943), CL cedematicns formed 
a serologically different luemolysin unsuitable for the test described below. 
Brewer s medium may be made with tryptic digest of ox heart or meat infusion 
containing added peptone and enriched with 5 per cent, of Fildes’s extract or 



Time in hours 

Brower’s medium + 1 per cent, glucose. 

Brower’s medium -f- 0 - 2 per cent, glucose -j- 10 per cent, golatin. . 

Fig. 1. — Influence of gelatin on production of hismolysin by CL cedematicns Cossard. 

02-1 per cent, of glucose, or with 10 per cent, of gelatin and 0*2 per cent, of 
glucose as proposed by Reed and Orr (19416). These media may bo incubated 
in air ; plain nutrient broth is suitable if incubated anaerobically. The seplicum . 
hsemolysins tested were all serologically similar whether produced in cooked 
meat medium, Brewer’s medium made with either "typo of broth, plain or enriched . 
with Fildes’s extract or 0-2 per cent., glucose, or broth containing a strip of iron. 

Cultures in Brewer’s medium yielded adequate amounts of hremolysin in a 
short time, even from small inocula of fastidious strains of CL cedematicns. It 
was reported previously (Hayward, 1941) that Brewer’s medium supported the 
growth only of largo inocula of clostridia ; this is true only if the depth of the 
tubed medium is less than the 7 cm. specified by Brewer, and the conclusion 
is therefore false. Tests of graded inocula, viablo-countcd by the method of 
Miles and Misra (1938), showed that enrichment with glucose or gelatin as 
suggested by Reed and Orr is unnecessary. The hsemolytic titres of various 
cultures, defined as the final dilution producing at least 50 per cent, haemolysis 
when mixed with a final concentration of 1-5 per cent , washed human red cells, 
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was ns follows : — Cl. ccdematiens, 1 ; 4 to 1 : 10 (five cultures of one strain, one 
of a second) and Cl. septicum , 1 : 12 to 1 : 50 (3 cultures of 2 strains). The 
amount of liremolysin produced by Cl. aidcmaticns was not increased by the 
addition, of one per cent, glucose. Ten per cent. “ photographic ” gelatin 
increased the hremolysin titre but delayed its formation by retarding growth 
in the early stages (fig. 1). The culinary gelatin recommended by Reed and 
Oit (1941«) was unobtainable. 

Time relation of heemolysin production. In Brewer’s medium the liremolysin 
of Cl. septicum forms at a very early stage of growth, when turbidity is barely 
visible, but it soon disappears and may be absent by the time growth is heavy 
(fig. 2). Of 44 overnight cultures representing 10 strains of Cl. septicum , 40 


27r ’ ' 
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0 10 20 30 40 50 

Time in hours 

Cl. cede) nat tens, A72 db. 

d, septicum, A52 gb. 

Fio. 2. — Time relations of hremolysin production. 

produced at least CO per cent, hremolysis, 3 between 25 and 50 per cent, and 
1 less than 25 per cent. ; none was non-hremolytic. The hremolysin of 
Cl. ccdematiens appears later. It never reaches such a high titre as the hremo- 
lysin of Cl. septicum , but it is relatively stable and can be found in cultures 
that are several days old (fig. 2). Of 05 overnight cultures representing 15 strains 
°f Cl. ccdematiens, 3D produced at least 50 per cent, hremolysis, 8 between 
25 and 50 per cent, and 2 less than 25 per cent. ; 1G were non-hremolytic. Pro- 
longed incubation would probably have yielded positive results, since all these 
cultures were ultimately proved to bo hremolytic (see Results). With an 
unlcnown culture, therefore, overnight incubation is the most likely to yield 
a positive result. Negative results may indicate either a non-hremolytic strain 
or a hemolysin-producer tested at the wrong stago of growth ; the test should 
then bo repeated with G- and 48-liour,, cultures. If nil three cultures, at 6, 24 
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and 48 hours, are non-bsemolytic, the unknown organism almost certainly docs 
not form a hcemolysin in Brewer’s medium. 

Hydrogen ion concentration. The septicum hfemolysin for human red colls 
formed in Brewer’s medium Is fully active only below pH about 6-5. Above 
this the hfemolysin steadily decreases in activity as the pH rises, and is inactive 
from pH 7-3 to 7-0. Below pH ^5-5-5 -6, however, the red eell suspension 
undergoes acid lysis, so that the te3t system must be buffered to lie within 
the range pH 5 •8-6-0. Tests made without lowering the pH with a buffer may 
fail to show the presence of hcemolysin, especially as some of both normal and 
antitoxic sera apparently buffer the system at a higher pH. Acetate, phosphate 
and citrate buffers and even weak hydrochloric acid may be used to lower the 
pH and do not affect the hfemolysin of Cl. septicum. M/20 acetate buffer of 
pH 5-2 is strong enough to overcome the buffering effects of serum and culture 
medium. The antiserum may be diluted with M/5 buffer (which is approximately 
isotonic ) so that the final dilution of the buffer in the haemolytic system is 
M/20 (see table IU). In control mixtures without culture acid haemolysis occurs 
unless uninoculated medium is used to make up the volume. The cedcmaticns 
hfemolysin is active at pH 7-0. A standard pH of 6-0 can nevertheless be 
adopted for all tests, since at this pH neither cedematicns, welchii, iciani nor 
chauvoei hfemolysins are adversely affected in the standard test conditions. 

Walbum (1938) has investigated the influence of pH on the hfemolysins 
for horse red cells formed in cooked meat medium by Cl. cedematicns and Cl. 
septicum-. His results are not in accordance with those given above and suggest 
that he was dealing with hfemolysins other than those for human red colls 
formed in Brewer’s medium. It is interesting, however, to note that the point 
of maximum stability of his septicum hfemolysin was pH 5-0 and of his cedematicns 
hfemolysin pH 6-0. 

Standardisation of antihcemalysins. The following clostridia from patho- 
logical material, being hfcmolytic on horse blood agar, were tested in Brewer’s 
medium for human red cell hfemolysins. The figures in brackets indicate the 
number of strains tested : — Cl. welchii (23), Cl. letatii (16), Cl. chauvoci (2), 
Cl. cedematicns (15), Cl. septicum (16), Cl. hifermentans (S), Cl. hislolylicum (3), 
Cl. sporogenes (6), Cl. hastiforme (1), and Cl. sphenoides (1). Of these only Cl. 
welchii, Cl. tetani, Cl chauvoei, Cl. cedematicns and Cl. septicum regularly formed 
hfemolysins ; occasionally hifermentans cultures formed a weak hfemolysin, 
but this was inconstant, even with a strain hfcmolytic on blood agar. Diagnostic 
anti-hfemolytic sera must therefore be selected for a high content of either 
cedematicns or septicum antihfomolysins and a low antihrcmolysin content for 
the other of these two species, as well as for CL welchii, Cl. tetani and Cl. chauvoei. 

A serum containing moderate amounts of antihfemolysins against all five 
species was selected as a polyspecific standard (P.S.) and a number of horse 
antitoxins were tested in parallel with it, using fresh hfemolysins from over- 
night cultures (table I). One volume of each of a series of antiserum dilutions 
was mixed with one volume of hfcmolytic culture and the mixtures incubated 
for 20 minutes at 37° C. ; two volumes of 3 per cent, washed human red cells 
were then added and the results read after one hour at 37° C., the tubes being 
shaken at approximately 20-minute intervals during incubation. _ Anti- 
hfemolysin titres were expressed as the reciprocals of the highest final dilutions 
of serum in which there was less than 50 per cent, hfcmolysis. The anti- 
hfemolysins in the test antitoxins were then each specified os the ratio (E) 
of test antitoxin titre to the corresponding P.S. titre. 

Monospecific antisera ore required that will neutralise the hfemolysins 
likely to be present in overnight Brewer’s medium cultures of any strain that 
turns up in medical bacteriological practice. The polyspeeific standard was 
therefore tested against overnight cultures of a large number of representative 
strains of each of the five luemolytic clostridia and the range of antihrcmolysin 
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litres obtained (table II). The limiting values of the range of antihfemolysin 
litres in any antitoxin tested are then obtained simply by multiplying the 
limiting values of the P.S. ranges by the appropriate values of R. Many 
antisera thus tested were rejected, since there was no dilution at which 
they were monospecific. A serum suitable for monospecific neutralisation of 
t vdemciliens hemolysins is illustrated in tables I and H, where there is a large 


Table I 

Titration of Cl. cedematiens antiserum, in parallel 
it nth poly specific standard (P.S.) 






Dilutions of serum 

. 



Ho?ino3j«!n 









It 


1:50 

1:100 

1:200 

1:400 

1:800 

1 : 1C00 

1 : 3200 



01. cedematiens 

[Cl. cedematiens 

- 

- 

- 

- 

_ 

- 

4* 

1600 _ 

8(>0 -- 


\p.s. 

— 

- 

— 

— 


+ 

4- 


01. seplicum 

(Cl. cedematiens 

- 

- 

4* 

4- 

+ 


4- 

JSS ~ °' 25 


IP.S. 

“ 



— 

+ 

4* 

4- 


01. i rekhii 

rCl. cedematiens 

- 

- 

+ 

+ 

+ 

+ 

4“ 

i|=0.1 25 

i 

Ip.s: 

- 

- 

— 

- 


4- 

4* 


01. tetani 

rCl. cedematiens 


- 

+ 

4- 

+ 

+ 

4* 

S8 — 


Vp.s. 

- 

- 

- 

- 

+ 

+ 

4- 


01. ehautvei 

rCl. cedematiens 

- 

+ 

4- 

+ 

4* 

+ 

+ 


_ 

IP.S. 

— 

+ 

+ 

+ 

+ 

+ 

4- 



4- at least 60 per cent, haemolysis 
— = less than 60 per cent, hiemolysis 


Table II 


Ranges of antihoemolysin litres of polyspecific standard (P.S.) and 
calculation of corresponding ranges of Cl. cedematiens antiserum 


Hamolysln 

Antihccmolyaln titres of P.S. (observed) 

Banco of antihannolysln titres 
of CL ccileimtiens antiserum 
(calculated) 

No. of strains tested 

Itange 

Cl. cedematiens . 

15 

800-51,200 

1600-102,400 

Ol. septicum 

16 

50-1600 

12-5-400 

CL t celchii . 

17 

100-1600 

25-200 

Cl. tetani . 

16 

400-1600 

100-400 

Cl. chauvoei 

1 

400 

400 


gap between the highest concentration (I : 1600) likely to be required for 
neutralisation of Cl. cedematiens hmmolysins and the lowest (1 : 400) likely to 
neutralise any of the other four. It must bo emphasised, however, that these 
two concentrations woro determined by reference to strains so far tested, and 
Although it is believed that they represent the limits of variation in hccmolysin 
production in Brower’s medium, ’'the serum used within the range of 1 : 400 
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to 1 : COO might, fail to neutralise an exceptionally powerful homologous 
hromolysin, or might neutralise an exceptionally weak heterologous hajmolysin. 
It follows that the larger the gap the more reliable each “ monospecific ” anti-' 
luemolysin will he. 

The volume of antiserum necessary to neutralise a particular htemolysin in 
the test volume depends on the ratio 

combining power of hreroolysin in test dose 
units antiluemolysin per unit volume antiserum' 

If a culture contains more than ‘one hsemolysin, that for which this ratio is 
greatest will be the one for which the end-point is determined. It will bo seen 
that the validity of the method depends on the assumption that if more than 
one serological type of hsemolysin is produced by any of the species, the one 
for which the end-point is determined is always the same. If this assumption 
is invalid, misleading results of the type described by Oakley and Warrack 
(1941) would be obtained and the range of monospecific neutralisation wrongly 
estimated. The last possibility may be guarded against by testing the anti- 
serum chosen, at the dilution -decided upon for the diagnostic test, against 
overnight cultures in Brewer’s medium of as many strains as possible of the 
five haemolytic species. It should consistently neutralise all homologous and 
fail to neutralise ail heterologous hemolysins (see below). 

As immunisation of horses for the production of therapeutic antitoxin 
proceeds, the antihemolysin titres of the sera often change rapidly. For 
example, in a month the concentration of wde/mtiens antihemolysin in one 
horse’s serum fell to one-quarter of its original value, while at the same time 
the concentration of septicum antihemolysin rose 16-fold. For this reason 
it is important to bleed the horses for “ monospecific ” antihemolytic sera as 
soon as possible after suitable sera have been indicated by titration of test 
bleedings. 

Red cells. Human and rabbit cells are suitable : sheep cells are not (Miss 
G. H. Warrack, personal communication). The test was standardised with 
human cells, since these are the most likely to be available in field conditions. 
The cells must be washed with saline to free them from serum, which may 
contain natural antibody. Cells from 3 human subjects behaved identically 
in tests of 2 sera with the 1 uemolysins of Cl. cedematicns, Cl. septicum. Cl. wclchii 
and Cl. tclani. 

Incubation of 'heemolysin tests. During the present investigation the pre- 
liminary incubation period of 20 minutes at 37° C. for culture and antiserum 
and the incubation for one hour at 37° C. after adding the red cells have not 
been varied. r A few tests showed that six hours’ incubation of the hremolytic 
mixture did not substantially alter either septicum or ccdcmatiens titres. 


The test 

Reagents. (1) Eighteen- to 24-hour Brewer’s medium culture of the organism 
to be identified ; a portion of a colony on a solid medium is a suitable inoculum 
for this Brewer’s medium culture. Cultures used for lneroolysin tests must be 
pure. (2) 0-2 M sodium acetate buffer, pH 5-2. (3) Antihremolytic sera diluted 
to a monospecific concentration in buffer.- (4) Human red cells, washed 3 times 
in salino and made up as a 3 per cent, suspension in saline, the deposit after 
centrifuging being reckoned as 100 per cent, red colls. 

Jlcthod. For each culture, 3 tubes are set up ns shown in tabic HI, n unit 
volume of 0-25 c,c. being suitable. If desired, each batch of tests may be 
controlled fully with a set of 3 tube3 in which uninoculated medium replaces 
culture. There should be no hemolysis in any of the control tubes. 
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Interpretation of readings. A Clostridium that produces a hiemolysin 
neutralised in tube 2 but not in tube 3 is Cl. oedematiens ; Cl. septicum is indicated 
by neutralisation in tube 3 but not in tube 2. A hiemolysin neutralised in 
tubes 2 and 3, or in neither tube, indicates that the organism is not Cl. 
adematiens or Cl. septicum and may be welchii, tclani, chauvoei or bifermentans. 
Absenco of hremolysis in all tinea tubes may mean either that the organism 
docs not form a hffimolysin or that it is at the -wrong stage of growth for adequate 
hemolysin production (see Time relations of hcomolysin production, p. 13). 

Table HI - . 


Method of hatmolysin lest 


Tube 2 

Tube 2 

Tube 3 

1 volume culture 

1 volume culture 

1 volume culture 

1 volume buffer, pH 5 ‘2 

1 volume ccdematiens anti- 

1 volume septicum anti- 

serum diluted m buffer, 

serum diluted in buffer, 


pH 5*2 

pH 5 2 


Tabes shaken and incubated for 20 minutes in water-bath at 37° C. 

2 volumes 3 per cent, human red colls added to all tubes. 

Tubes incubated for one hour in water at 37° C., with shaking at 20-mmute intervals; 
then centrifuged and read for luemolysis. 


Results 

Tiie following known strains were tested with an oedematiens and 
a septicum monospecific serum selected by the tests described above. 
Cl. oedematiens (16) and Cl. septicum (10) showed clear-cut identifica- 
tion ; Cl. tetani (16), Cl. welchii (17 of 23), Cl. chauvoei (1 of 2) and 
Cl. oedematiens (gigas) (1 of 2) were hasmolytic for human red cells, 
but none gave 'a false positive identification of Cl. septicum or 
Cl. oedematiens. These results wore confirmed, as was also the 
specificity of neutralisation by the antisera selected, by -Professor 
McIntosh with Cl. oedematiens (3 of 4), Cl. septicum (1) and Cl. welchii 
(1 non-luemolytic) and by Dr J. Keppie with Cl. oedematiens (3), 
Cl. septicum (3) and Cl. oedematiens (gigas) (4 haemolytic). Professor 
McIntosh’s non-haemolytio strain of Cl. oedematiens yielded the specific 
hiemolysin in further tests. 

In tests of aerobes, strains of spore-hearing bacilli (4), Strep, 
pyogenes (3), Strep, fcecalis (2), Bad. coli (2), paracolon / bacilli (2), 
Staph, aureus (1), Staph, albus (1) and Proteus vulgaris (1) failed to 
hiemolyse under the conditions of the test ; one each of Strep, pyogenes 
and Bad. coli produced hiemolysins, neither of them neutralised by 
the two antisera ; two spore-bearing bacilli produced hiemolysins 
neutralised by both antisera. 

During tiie routine examination of wound specimens the hiemolysin 
test was applied for diagnostic purposes to 181 overnight cultures of 
anaerobes, of which 24 were tested independently by two colleagues. 

JOtnu,-. or rATn. — vol. tvia b 
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The results are summarised in table IV. The atypical Cl cedematiens 
includes strains that fermented lactose or sucrose, failed to liquefy 

Table IV 


Routine tests on 181 overnight pure cultures 


Antilircmolysin 

Results of te«t 

Nil . . . . • - 


+ 

+ 

+ 


Cl. ccdcmalicns .... 

— 

4 - 

+ 




Cl. septicum .... 

+ 

— 

*r 


— 

/ 

Cl. cedematiens (typical) 

10 




1 

Cl. cedematiens (atypical) 

S 


* 

2 

1°. 

Cl.- septicum .... 


ii 



1 V 

Cl.-xcelchii ..... 



17 


o 

Cl. telani . 



14 


4 

Cl. bifermentans .... 



3 

4 

12 

CL capitovale . ' 




1 

2 

Cl. patrificum .... 




I 

I 

Cl. sporogcncs .... 





32 

Unidentified clostridia (neither Cl. 



4 

11 

21 

septicum nor Cl. cedematiens) 






Other anaerobes * 





9 


* Including Cl. ephtnoidet (2) and one strain each of Cl. hictolylicum, Cl. tetanomorphum, 
Cl. butyricum, Cl. cochlearivm, Cl. hastifome, futiformis and an anaerobic coccus. 


Percentage of Cl. cutcmadcns missed 42 

Percentage of Cl. septicum missed 8 

Percentage “ ccdematicm " reactions not Cl. cedematiens ... 0 

Percentage " septicum ” reactions not Cl. septicum .... 0 


gelatin or failed to ferment maltose, but resembled typical Cl. 
cedematiens in all other morphological, cultural and biochemical 
characters. Of these 20 strains, 12 produced gas gangrene in mice 
and were considered to be more closely related to Cl. cedematiens than 
to any other Clostridium, although their identity is still under 
investigation. Animal protection tests have not been possible because 
the available sera when diluted to a point beyond that at which 
heterologous antitoxins are active, have been too weak to yield clear- 
cut answers with minimal numbers of animals. It will be seen 
(table IV) that 13 (42 per cent.) of the 31 strains which subsequently 
proved to be Cl. cedematiens, either typical or atypical, were not 
identified by the test, but it is interesting to note that fairly extensive 
examination failed to identify 'precisely an even higher proportion, 
since 20 of them (65 per cent.) were atypical. The basmolysins of the 
atypical strains may have been neutralised by unrecognised hetero- 
logous antibodies in the Cl. cedematiens antibrnmolysm. 

The haunolysin test has been used successfully under field condi- 
tions by Major MacLehnan in the examination of 50 strains of 
anaerobes. He found the test simple enough to be practicable with 
restricted facilities. It is in addition reasonably reliable and yields 
results within a short time of the receipt of specimens. 
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Discussion 


Antiserum-controlled' hsemolysin tests are recommended for the 
identification of Cl. cedematiens (excluding gigas strains) and 01. 
septicum because they are easy to apply and yield results quickly. 
With selected antisera, positive results are fully reliable with both 
Cl. septicum and Cl. cedematiens. Negative results are infrequent 
with Cl. septicum and typical Cl. cedematiens, though frequent with 
atypical Cl. cedematiens. Results are obtained usually within 48 hours 
of the initial plating of wound material. 

Preliminary examination of the cultures will yield two useful 
contra-indications for the hmmolysin test, namely the formation of 
terminal spores and the early production of a foul odour in cooked 
meat medium, either of which is conclusive proof that an unknown 
pure culture is neither Cl. cedematiens nor Cl. septicum. 

It must be emphasised that the ✓production of a serologically 
specific hmmolysin by these two organisms does not indicate with 
certainty that the strain is toxigenic, as, for example, the Nagler 
reaction does in the case of Cl. welchii. The liiemolysins tested are 
not necessarily the only hremolysins that the organisms are capable 
of producing. With 01. cedematiens the activity is almost certainly 
not that of the lethal toxin (Dr C. L. Oakley and Miss G. H. Warrack, 
personal communication). The relation of the hremolysin found in 
Brewer’s medium cultures of Cl. septicum to the lethal toxin is at 
present unknown (but see Bemheimer, 1944). 

6 1 

' Summary 


In Brewer’s medium Cl. cedematiens and Cl. septicum form htemo- 
lysins for human red cells which are species-specific and can be 
neutralised by selected antihfemolytic sera. To allow the maximum 
activity of septicum hremolysin, test mixtures must be buffered to 
a pH of about 6-0. Serologically controlled tests for these hremo- 
lysins permit the identification of Cl. cedematiens and Cl. septicum 
within 48 hours of plating wound material. A standardised test 
made on human red cell suspensions with cultures in Brewer’s medium 
at pH 6-0, controlled by selected monospecific antihfemolytic horse 
sera, has proved satisfactory for this purpose. 

Other anaerobes, cliiefly Cl. welchii, Cl. tetani, Cl. chauvoei and 
Cl. cedematiens (gigas), -and some aerobes are haemolytic under the 
conditions of the test but their hsmolysins are either neutralised by 
both or not neutialised by either of the two antisera. Cl. bifermentans, 
Cl capitovale and Cl. putrificum occasionally' form a iifemolysin ; 
Cl. histohjticum, Cl. sporogenes, Cl. hasliforme and Cl. sphenoides are 
not haemolytic under these conditions. 

test is 1 easy to apply and provides a reliable means of 
identification for Cl. septicum and for typical Cl. ceiematiens. Atypical 
strains of Cl. cedematiens tend to give false negative results. 
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NOTES' ON THE WEIL-FELIX REACTION IN 
TYPHUS FEVER AND OTHER DISEASES 

Joh>’ C. Dick 

From a Military Hospital , Middle East Force 

Tins article presents the results obtained with the Weil-Felix reaction 
in cases of pyrexia admitted to a large General Hospital in the Middle 
East between March 1942 and February 1944. These included over 
4500 cases of dysentery, 1500 of malaria, 200 of enteric group fevers 
and over 5000 others, mostly short-term fevers. Eighty cases of 
typhus were studied, the largest numbers of eases per month being 
10 and 9 in March and April 1943 respectively : the clinical aspects 
of most of these cases have been reported (Crofton and Diok, 1944). 
The Weil-Felix reaction was usually tested on the 3rd or 4th day after 
admission, with the appearance of the rash, i.e. about the 5th or 
6th day of the disease. In every case malaria was eliminated by 
examination of blood films and septic infection by a white cell count. 
The value of the latter in the differential diagnosis of typhus and the 
enteric group has been discredited by Crofton and Dick. Blood 
culture for the enteric group of organisms was performed at the same 
time as the Weil-Felix test. If the diagnosis of typhus was probable 
or if the pyrexia was maintained and its origin still undetermined, 
the Weil-Felix reaction was repeated about the 10th to the 12tli day 
of illness and again later if necessary. 

During the period under review, ■ 505 Weil-Felix reactions were 
performed on 308 cases, comprising 80 cases of typhus, 62 of enteric 
group fevers and 166 cases of various other fevers. The results are 
recorded here to show that the reaction was a highly specific test for 
typhus fever, provided the observer was aware of its limitations and 
fully acquainted with its interpretation. 


Method 


The patient's serum was put up in a series of doubling dilutions in normal 
salino from 1 : 30 to 1 : 1920 in Dreyer's agglutination tubes against ilio standard 
It-A.M.C. suspensions of B. proteus OX 19, OX 2 and OX K and left overnight 
at the 37°. C. incubator. The results were read next morning in strong light 
(daylight in Egypt was most satisfactory) against a dark background. Tho 
end-point taken was the last tubo in which a definite ring of particles could bo 
■obtained by rotation, and seen witli tho naked eye, at the neck of tho tubo : 
usually this was ono tube (occasionally two) beyond that in which complete 
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agglutination occurred.' Thus the readings given below are probably higher 
than would have been obtained after 2 or 4 hours at 37° C. and leaving over- 
night in the refrigerator, but lower than if the test had been read after 2 or 
4 hours at 50° C. 


Results 

Agglutination with B. proteus OX 19 and OX 2 suspensions to. 
titres of 1 : 30 and 1 : 60 was observed in several control sera (negative 
Kahn sera from afebrile patients) and in many of the eases, and 
was considered to be of no significance. Titres of 1 : 120 and 1 : 240 
were found occasionally in cases of pyrexia which eventually proved 
to be other than typhus ; in such instances the specificity of the 
antigen employed was checked against known typhus and non-typhus 
sera. Such non-specific reactions were of more frequent occurrence 
with OX 2 than with OX 19 suspensions. 

Within the first 10 days of a patient’s illness, a titre of 1 : 240 
was reported as “ slightly suggestive ” and the test repeated after 
the 10th day : every case which showed a rise in titre above this 
proved to be clinical typhus. A titre of 1 : 480 before the 10th day 
was considered “ very suggestive ” and repetition usually showed a 
definite rise in typhus patients and a fall in others. Titres over 
1 : 480 were regarded as definite positives, with the single exception 
of an unexplained high reading in a case of paratyphoid B fever. 

With B. proteus OX K suspensions, non-specific reactions up to 
1 : 480 were relatively common and experience showed that even 
1 : 960 could hot be accepted as definitely positive. As a rule, in 
cases positive clinically and in tests with OX 19 and OX 2, titres 
with OX K did not rise above 1 : 240. There were no indications 
that scrub (mite-borne) typhus was present in the Suez Canal zone 
of Egypt. Accordingly the use of OX K suspensions was discontinued 
after a year’s thorough trial, a policy adopted by others, including 
van Rooyen and Bearcroft (1943). 


(i) The Weil-Felix reaction in typhus fever 

The 80 cases in this group represented all degrees of clinical 
severity and, while the clinician could make a reasonably assured 
diagnosis in the severe and typical cases, the laboratory findings 
were of great importance in the recognition of mild and atypical 
cases. The Weil-Felix reaction was the only practicable laboratory 
test available on the spot. Subsequently Major C. E. van Rooyen, 
working in collaboration with Dr James Craigie of Toronto University, 
performed rickettsial agglutinations on sera from 68 of these cases 
and showed that 21 were of epidemic (i.e. louse-borne) and 36 of 
murine (i.e. flea-borne) type ; in the remaining II the agglutinins 
were insufficiently developed to permit separation of these two 
infections by serological methods. 
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The marine cases wore distributed throughout the two years, though mostly 
in autumn and among units stationed in desert camps having no contact with 
natives. Usually, the patients stated that rats were present in the camp or 
even that their tents were infested. Moreover, during the late autumn of 
1943, bubonic plague made its appearance in this same area. The epidemic 
coses on the other hand occurred chiefly in the spring and summer of 1943, 
in units where large native labour corps wore employed or the patient gave 
a history of close contact with natives. One patient, for example, worked at 
a Railway Transport Office in a station with natures brushing past him con- 
tinually. There was a large outbreak of typhus in the native population at 
this timejKamal and Messih, 1943). Very few patients were lousy on admission. 

In the 80 typhus cases 147 Weil-Felix reactions were per- 
formed. Table I shows the results of these tests in relation to the 

Table I 


The Weil-Felix reaction in typhus fever. Distribution according to 
day of disease of 147 reactions in 80 cases 


Day of disease 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 later 

Total. 

Negative . 

1 

4 

8 

13 

5 

o 

9 

5 

0 

1 

0 

1 

0 0 

52 

Suggestive 

0 

0 

0 

1 

o 

2 

1 

0 

0 

3 

2 

0 

1 6 

'18* 

Positive' . 

0 

0 

0 

1 

3 

4 

2 

9 

6 

8 

8 

5 

9 22 

77f 













Total — 

147 


Suggestive = 1 : 480. 
• Highest attained In 7 cases, 
t In 73 cases. 


duration of the illness ; titres higher than 1 : 480 were regarded as 
positive and in practice this criterion worked out very satisfactorily 
throughout the two years. Certain important points emerge from 
this table. 

The earliest definite positive was on the 6th day of disease (see 
also table II, case 1). Less than one-third of the cases gave a positive 
or suggestive result up to and including the 10th day, although 75 
sera were examined in this period of the disease. Thus a Weil-Felix 
reaction positive to a titre of 1 : 480 or over was not expected before 
the 10th day in the majority of cases and, conversely, a negative 
reaction at this stage was by no means exclusive of typhus. Of the 
two cases giving negative reactions after the lOtli day, one was 
positive on the 17th day (table II, case 2) and the other gave a 
suggestive result on the 16th day, followed by a positive on the 
23rd day (table II, case 3). > The change from negative to positive 
way tabo place very rapidly (table II, cases 4 and 5). In seven cases, 
a titre of 1 : 480 was the highest obtained (e.g. table II, case 8), 
though the diagnosis was definite clinically ; three of these were 
epidemic and two murine by rickettsial agglutination. 
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Table II Examples of Weil-Fclix reactions ref erred to in text 


Case ?. a * 
disease 


Titre with 


0X10 1 OX 2 OX K 



1920+ 

60 

120 

30 

0 

240 

480 

900 

120 

1920 + 
240 
1920+ 
0 

60 

120 

120 

120 

1920 

480 

240 

1920+ 

480 


lie-marks 


A. Typhus lever 



Earliest definite positive 
Slow to become positive and only with 
OX 2 ; rat catcher at Infantry Training 
. Depot 

Slow to become positive : anti-typhus 
inoculations six weeks boforo onset of 
typhus 

Rapid change from negative to positive 

Rapid change from negative to positive 
Serum obtained post mortem 
( Positive only frith OX 2: anti -typhus 
■j inoculations eight weeks before onset of 
l typhus - 

{ OX 2 agglutination early : OX 19 
agglutination late (in convalescence) 

( OX 19 agglutination early 
OX 2 agglutination late 

Fall in titre during convalescence 


B. Other diseases 


6 

30 1 

1201 

11 

30 

120 J- 

22 

go ; 

120} 

12 

30 ! 

2401 

17 

0 

60} 

21 

30 | 

60 j 

4 

i 240 

240 

12 

! 240 | 

GO 

22 

120 | 

120 

14 

i 960 

960) 

16 

9 GO j 

960} 

90 

00 

30 J 

3 

120 

CO) 

8 

30 

60 j 

6 

120 

1201 

11 

0 

0} 

10 

00 

240) 

14 

60 ] 

240 } 

23 

! 60 

120 j 

4 

I 120 

30) 

12 

i 120 | 

120} 

19 i 

60 

120 ) 

6 

! 30 

30; 

14 

I 120 

120 1 

23 

1 240 

240 f 

32 

i 120 

120 j 

3 

1 0 

30 

8 

| 120 

00 

13 

0 

0 

20 

0 

0 

27 

60 

240 

43 i 

30 i 

240 

64 

60 

120 

70 

120 

240 


fever : toxic, delirious : no rise 


( Typhoid fever, late in coming under 
observation : relatively mild : fall in 
titre during course of disease 

Paratyphoid A fever : toxic 

/Paratyphoid B fever : severe; (5) double 
f infection ] 

Influenza 1 

! 

Gastritis 

/Glandular fever with rash like typhus; , 
■j anti-typhus inoculations four weeks 
( before onsot of fever 

/ Pyrexia of unknown origin with atypical 
\ rash 

/•Tonsillitis with atypical rash: developed 
) diplithoria on 16th day — during con- 
1 valescence — and shows slight rise in titro 
f with the intorcurrent infection 
Dysentery, indefinite exudate 
Row convalescent 

A case of lymphadenoma, fatal three 
months after the first symptoms 
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The times at which a positive Weil-Felix reaction developed in 
the murine and 'epidemic types of typhus were compared and it 
appeared that a positive titre occurred on the average at a slightly 
later stage of the disease in the murine oases. x - 

No attempt was made to determine the titre when it was beyond 
1 : 1920, nor to discover how long after the illness the high titre 
persisted, though a few cases gave some information on the latter 
point. In two cases (table II, cases 6 and 9), a fall in titre had occurred 
by the 21st and 24th days, but in three others (e.g. case 7) the titre 
was still 1 : 1920 on the 27th, 34th and 36th days of illness respectively. 

The titre with B. protons OX 19 was usually higher than with 
B. proteus OX 2 suspension. In seven, however, a positive titre 
was obtained only with the OX 2 (e.g. table II, cases 2 and 6). These 
cases, one epidemic and six murine, could not be distinguished 
olinically from those positive with QX ID. Thus in dealing with 
murine or mixed epidemic and murine infections the importance 
of including the OX 2 suspension was obvious. The OX 2 agglutina- 
tion, however, was by no means specific for the murine cases, the 
majority giving higher titres with OX 19. Cases of typhus giving 
higher titres with OX 2 than with OX 19 have also been reported 
by van Booyen and Bearcroft (1943), Baker et al. (1943), Brockbank 
and Whittaker (1944), van Booyen et al. (1944) and van Rooyen (1944). 

Mcgaw (1945) has raised the question of the possible existence of tick typhus 
in Egypt. Both the author and van Booyen have been on the alert for possible 
cases and, although blood was inoculated into guinea-pigs from high titre 
OX 2 cases, only epidemic virus was obtained. Likewise a few efforts were 
made to isolate rickettsito from R. sanguineus gathered in Egypt, but without 
success. There was no evidence, clinical or bacteriological, to warrant the 
claim that the cases of OX 2 agglutination studied were due to tick-home 
infection. 


(ii) The Weil-Felix reaction in enteric group fevers 
In 62 cases of enteric fevers, 90 Weil-Felix reactions were 
carried out at various stages of the disease. The sera from 9 out 
of 26 cases of typhoid fever gave titres of 1 : 120 with B. protons 
OX 19, OX 2 or both, three of them reaching 1 : 240 with OX 2 ; 
m most of these agglutination was not complete and there was no rise 
in titre on repetition (e.g. table II, case 10). One medical officer who 
had received anti-typhus inoculations six months and one year before 
gave titres of 1 : 120 with both OX 19 and OX 2 on the 7tli day of 
typhoid fever. In the three cases in which titres of 1 : 140 with 
OX 2 were reached on the 4th, 9th and 12th day respectively, the 
agglutination in the 1 : 120 dilution was “ total ” and the diagnosis 
°f typhus was necessarily considered. The case with this titre on 
the 4th day had been in close contact with another case of typhoid 
fever in circumstances in winch typhus could be excluded. Tliat on 
the 9th day gave no rise of titre on repetition and was olinically 
typhoid. The third case (table II, case 11) showed a definite fall 
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in titre five days later and gave no other indications of typhus : this 
seemed to indicate that a non-specific rise in agglutinins to OX 2 
had occurred in the early stages of typhoid fever, as distinct from 
the " normal ” agglutinins of the earlier cases, whose titre remained 
almost constant (cf. Felix, 1943-44). 

In tests on 28 cases of fevers due to Bad. paratyphosum A 
or B, the sera from eight reached a titre of 1 : 240 with B. protons 
OX 19, OX 2 or both, and in six of them agglutination was complete 
up to the dilution of 1 : 120 : on repetition, however, the titre did 
not rise and the subsequent clinical course and results of blood 
cultures showed the true diagnosis. In two cases in which the rash 
was not typical of enteric, early torpor was present and an early 
Weil-Felix reaction gave a “ slightly suggestive ” result ; the failure 
of the titre to rise on repetition was very helpful (table H, ease 12). 
Case 13 ■ was admitted on the 13th day from a distant area and on 
the results of blood culture and first Weil-Felix reaction was con- 
sidered to be a possible double infection ; as against this, no other 
cases of typhus had occurred in that area, two other cases of para- 
typhoid B had been admitted from the camp and clinically there 
were no other indications of typhus. With serum taken on the 16th 
day. Major van Booyen found no agglutination with epidemic and 
only to 1 : 50 with murine rickettsise. In two cases of paratyphoid 
A fever, titres of 1 ; 240 with OX 19 and 1 : 120 with OX 2 were 
obtained on the 5th and 8th days and these had fallen to 1 : 30 with 
both suspensions by the 27th and 32nd days respectively. 

(iii) The W eil-Felix reaction in other fevers 

In 1G6 cases of fevers other than typhus and the enteric group 
268 Weil-Felix reactions were performed, some early in the disease, 
others after the 10th day, with the results shown in table HI. 


Table IH 

Results of Weil-Felix reactions in 100 fevers other than typhus 
or the enteric group 






litres 





Xc £3 the 

2 .-.SO- 2 :60 

2 : 220 

1:240 

1 : 4S0 

Totals 

OX19 

Up to 10th day . 

7S 


26 

b 

0 

no 


llfti day and after 

38 


10 

4 

0 

02 


Total 

11G 

no 

30 



G 

0 

26S 

OX 2 

Up to 10th day . 

3S 

00 

35 

5 


176 


11th day and niter 

23 

31 

27 

ii 


92 


Total 

01 

127 

02 

16 

2 

208 

' Xo. of cases showing highest 
i litres in either 

22 

SO 

52 

10 


100 

- 
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In 22 cases no agglutination was obtained with B. proteus OX 19 
or OX 2 suspensions at any stage of the fever. Agglutination 
to maximum litres of 1 : 30 or 1 : 60 with one or other or both 
suspensions was obtained at some stage of the illness in 80 cases r 
not being total ”, these were considered to be of no significance. 
The diseases sampled in these groups included malaria (benign and 
malignant tertian), sand-fly fever, acute miliary tuberculosis, menin- 
gitis (meningococcal and benign lymphocytic, both with rashes), 
diphtheria with acute rheumatic fever, diphtheria with serum rash, 
amcebiasis of colon and liver, kala-azar and plague. 

The conditions which gave rise to titres of 1 : 120 and over were 
of greater interest. These non-specific agglutinations were not 
constant for these diseases and occurred more frequently with OX 2 
than with OX 19 suspensions. In most cases the high titre was 
obtained early and fell later in the disease (e.g table II, cases 14 
and 15) : in others it was fairly constant throughout (e.g. cases 
16 and 17), while in a few the rise occurred at a late stage (e.g. 
cases 18 and 19). 

(c) Measles. The diagnosis was established clinically before the Weil-Felix 
reaction could ho of use, but an early non-specific rise in titre might temporarily 
have confused the issue. Three out of six cases tested showed a titre of 1 : 120 
with OX 19, OX 2 or both and a fourth gave 1 : 480 with OX 2 up to the 
7th day, but later tests gave lower titres. 

(b) Various septic condition s gave reactions as follows : — 

Tonsillitis, with irregular streptococcal rash (table 

IX, case 18) 1 : 240 (OX 19 and OX 2) 

Bacterial endocarditis . . . . . 1 : 120 (OX 19) 

1 : 240 (OX 2) 

Gangrenous appendicitis with suppurative pyle- 
phlebitis . 1 : 120 (OX 2) 

Cellulitis of foot 1 : 120 (OX 19 and OX 2) 

(c) Respiratory tract injections occasionally caused some rise in titre of the 
Weil-Felix reaction. One case of common cold gave a titre of 1 : 480 (OX 2), and 
two cases of influenzal bronchopneumonia in Indians reached 1 : 240 (OX 2). 
Cases of lobar pneumonia, bronchopneumonia, influenza and acute bronchitis 
produced titres of 1 : 120 with OX 19, OX 2 or both (e.g. table IT, case 14). 

(d) Injective hepatitis. In two out of eight cases titres of 1 : 120 (OX 19 
®nd OX 2) were obtained in the later stages of illness. 

(e) Glandular fever. A few cases classified under this heading, especially 
those with rashes, gave rise to suspicion of their being typhus when the blood 
changes were not typical. Two in this series gave titres of 1 : 120 with OX 2 
or> the 8fch and 11th days respectively. A third (table XT, case 1(5) gave a titre 

1 : 240 ; this patient had been given anti -typhus inoculations one month 
previously. In no case did the titro rise higher. 

, (/) Bacillary dysentery and gastro-enteritis each provided two cases with 
titres of 1 ; 120, in the former at a lato stage when there was no doubt as to 
the diagnosis (e.g. table H, case 19), but early in the latter and the subsequent 
fall in titre was very helpful (e.g. table U, case 15). 

(?) Pyrexia of unknown origin. In several cases of pyrexia whose origin 
remained undetermined, repeated Weil-Felix reactions wore performed (e.g. 
bio n, case 17 ) ; the failure of the titre to rise over 1 : 240 throughout the 
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illness and convalescence was considered to exclude a diagnosis of atypical 
typhus. , 

{h) Lymphadcnoma. In this ease (table II, cose 20) agglutination with 
B. protcus OX K suspension caused considerable confusion. The patient ran 
a low temperature like a mild enteric fever, with sweating, headache, backache 
and diarrhoea for eight days ; no rash w r as noticed. There followed an evening 
rise of temperature to 100° F. for two weeks, with the spleen just palpable, 
and thereafter a swinging temperature between 100° and J 02° F. lasted for sovernl 
weeks. The Weil-Felix reaction was performed at the times shown, and was 
continued after the diagnosis of lymphadenoma had been established on account 
of the agglutination titres reached with OX 19 and OX 2 as well as with OX K. 
In the early stages the OX K titres were considered to be of possible significance, 
and rickettsial agglutinations with samples of serum yielded the following 
results. 


Day of illness 

Rickettsiae 

Epidemic 

Murine 

13th 

0 

500 

27th 

0 

500 

64th 

0 

200 


Thus this case of lymphadenoma produced a definite and confusing rise in the 
Weil-Felix titre, accompanied by low titre non-specific rickettsial agglutination. 

The effect of anti-typhus inoculation on the Weil-Felix reaction 

Seven of the cases in this series had received anti-typhus inocula- 
tions. Two of these (table II, cases 3 and 6) developed typhus fever 
of murine type six and eight weeks after the inoculations. 

The results in these cases do not materially assist the arguments cither of 
Siipflo and Fischer (1943), that the inoculation caused a lower titre in a subse- 
quent attack of typhus, or of Ding (quoted by Felix), who maintained that the 
reaction was not affected. They do, however, confirm Felix’s point that a 
rising titre is obtained in the inoculated as in the uninoculated subject. In the 
other five cases the previous inoculation failed to affect tho results of the 
reaction, except possibly in case 16 (table II) where the titre may have been 
slightly elevated. Penfold (1944) also reported that following inoculation and 
roinoculation with Cox vaccine the highest OX 19 agglutinin titre reached only 
one of 1 : ICO, 

DlSCUSSIOX 

The great majority of the personnel in the units from which these 
patients came were British : the remainder were Indians, South 
Africans and other races among whom typhus is not endemic. Thus 
it was expected that titres for normal persons and in diseases other 
than typhus would have conformed to the findings published by the 
Medical Research Council (3942) and many other workers, c.g. 
Mackenzie (1041-42), Maly (1942), McConn (1943) and Felix (1943-44), 
who gave the diagnostic titre for typhus fever in non-endemic areas 
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as 1 : 100 or at most 1 : 200 with B. proleus OX 19. All patients in 
this series had been fully inoculated with T.A.B. vaccine and tetanus 
toxoid. These inoculations appear to have had some effect in activat- 
ing the patient’s “ shadow factories ” for manufacturing agglutinins, 
and occasionally various febrile conditions produced a slight non- 
specific rise in the Weil-Felix titre. This rise was not nearly so 
marked as the anamnestic rise in the Widal reaction, which is now 
recognised to be of little value in the diagnosis of enteric fevers in 
previously vaccinated patients (Boyd, 1942 ; Siipfle and Fischer, 
1943 ; Felix, 1944). 

There was no epidemic of typhus during the period of investigation. 
In the wide range of diseases studied, the number of cases which pro- 
duced titres of 1‘: 120 (58 cases) and 1 : 240 (21 cases) and which proved 
not to bo typhus was considerable : even a titre of 1 : 480 was not always 
diagnostic. On the other hand, no case clinically like typhus failed 
to give this last titre with either OX 19 or OX 2 suspensions. The 
valuo of the Weil-Felix reaction as an early aid to diagnosis has been 
pointed out by Findlay (1941-42) and Felix (1943-44). The occurrence 
of low titre curves (1 : 50 after a previous negative) and the significance 
of a 100 per cent, rise at low levels has been emphasised by Felix. 
We have not, however, felt justified in considering titres below 1 : 480 
as diagnostic and other workers have adopted a similar policy in 
respect of titres below 1 : 200 or 1 : 400 (Maly, 1942 ; van den Ende 
et al, 1943; Robinson, 1043; Baker el a?., 1043; Kamel and Messih, 
1943 ; Brookbank and Whittaker, 1944 ; Sancho Lobo, 1944). Care 
should be exercised in the interpretation of a rising titre at low levels 
because of the possibility of a non-specific rise in agglutinins for 
OX 2 in typhoid and for both OX 19 and OX 2 in paratyphoid fevers ; 
as noted above, other conditions may produce small rises in titre 
either early or late in the disease. The necessity for caution has 
already been pointed out in cases of chrome brucellosis (Calder, 1941) 
and in patients who have had Proteus group infections (Medical 
Research Council, 1942 ; Dammin and Billings, 1942 ; Sonnenschein, 
1943). The rise in titre in the case of lymphadenoma is interesting 
m view of the results obtained by Gratch (1943) in pregnancy and 
malignant disease. , 


Summary 

1. The results of 505 Weil-Felix reactions in 308 cases of pyrexia, 
including SO of typhus fever, admitted to a large military hospital in 
Egypt are reviewed. 

2. A Weil-Felix reaction positive to a titre of 1 : 480 with B. 
proletis OX 19 or over 1 : 480 with B. proleus OX 2, using the technique 
described, was a highly specific diagnostic test for typhus fevor as 
mot with in this area in military personnel. 

3. Titres of 1 : 480 or over were obtained only after the 10th 
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day of illness in tlie majority of cases of typhus : lower reactions 
before this day did not exclude the possibility of tj^phus. 

4. Titres up to 1 : 240 and occasionally to 1 : 480 occurred as 
non-specific reactions in enteric and various other febrile conditions, 
such as measles, septic lesions, respiratory tract infections, infective 
hepatitis, glandular fever and dysentery. 

5. It is suggested that the non-specific reactions might be due 
to previous inoculation with T.A.B. vaccine and tetanus toxoid. 

I have great pleasure in expressing my thanlcs to Major C. E. van Rooyen 
for performing rickettsial agglutinations and for much helpful criticism, to 
Capt. A. N. S. Watt and Major J. Crofton for clinical material, to Lt.-Col. 
J. G. Scadding for criticism and suggestions and to Col. R. F. Walker for 
permission to forward this paper. 
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THE ISOLATION OF ORGANISMS OF THE PLEURO- 
PNEUMONIA GROUP FROM THE GENITAL 
TRACT OF BEEN AND WOBIEN 

M. H. Salamak and collaborators* 

From the venereal division of a military hospital 


(Plates I a kd II) 


Thebe have been reports in recent years of the isolation of organisms 
of the pleuropneumonia group (L organisms) from the genital tract 
of men and women, and it has been suggested that they may be tire 
cause of so-called non-specific urethritis and cervicitis, conditions 
from which no known human pathogen has hitherto been isolated. 
The fact that several members of this group produce arthritis in 
animals makes this an attractive hypothesis, since arthritis is as 
common a complication of “ non-specific ” genital infections in man 
as it is of gonorrhoea. Moreover', the fact that L organisms cannot 
ba recognised in ordinary smears and are difficult to cultivate may 
explain why they have been missed in the past. 


Dienes (1940) and Dienes and Smith (1942) in America have published 
reports on the isolation of L organisms from the cervical, vaginal and urethral 
secretions of women and the urethral and prostatic secretions of men. Some 
of the women were suffering from gonorrhcca, some from non-specific inflamma- 
tions and some from arthritis ; others were clinically normal All the men, 
however, showed signs of chronic prostatitis. Beveridge (1943), in Australia, 
has confirmed the occurrence of I. organisms in men. He found them in 4 out 
of 24 non-specific urethral discharges. Klieneherger-Nohel (1945), working 
at the "Whitechapel Clinic and the London Hospital, records the isolation of 
L organisms from the vaginal secretions of 40 per cent, of women attending 
the venereal diseases clinic, 33 per cent, of women attending the gynecological 
department suffering from various presumed non-venereal conditions, but only 
*4 per cent, of women attending the antenatal clime. 


The present study formed part of an investigation of non-specific 
urethritis and cervicitis. Among soldiers in the large area served 
b y this hospital, out of every three men who report sick with a 
urethral discharge, one has non-specific and two have gonococcal 
urethritis Among women in the Services the proportion of non- 


J+i+f A. J. King, Major H. J. Bell, Major A. E. Wilkinson, Major Eva 
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specific genital inflammation is apparently higher, partly perhaps because 
of teclmical difficulties in the isolation of the gonococcus from "women. 
Similar figures have been noted in other areas. Since the non-specific 
cases are, in general, more resistant to treatment than the gonococcal 
and at least as liable to serious complications, it will be realised that 
they constitute a serious problem. We shall describe only that part 
of the investigation which consisted in the attempt to isolate 
L organisms from these patients. 

#* 

Methods 

After a number of special media had been tried it was found that L organisms 
could be grown quite simply on ordinary 10 per cent, chocolate agar, as used 
for growing the gonococcus. No special additions or adjustment of the pH 
were found necessary. Routine cultures from women of cervical and urethral 
secretions and from men of urethral discharges, urine and prostato-vesicular 
fluids were incubated for forty-eight hours in an atmosphere of increased CO., 
and were treated with the oxidase reagent for detection of gonococcal colonies 
in the usual way. After this, when the plates were quite dry, pieces of medium 
bearing possible L colonies were cut out and placed face downwards on slides. 
These were flooded with Bourn's fluid and put into a moist chamber in the 
incubator overnight. Next day the agar was peeled off, when the colonies 
remained adherent to the slides. These were put into 75 per cent, alcohol for 
half-nn-hour, rinsed in distilled water, stained in 4 per cent. Giemsa for four 
hours nnd lightly differentiated and dehydrated in graded acetone-xylol 
mixtures as follows. 

(1) * Acetone containing 2-5 per cent, xylol . 10 secs, (up to 30 secs, for 

gonococcal or mixed L nnd 
gonococcal colonies) 

(2) Acetone 2 parts, xylol 1 part . . 30 secs. 

(3) Acetone 1 part, xylol 2 parts . . 1 min. 

(4) Xylol . . . . . .10 mins, or longer 

To get the best results it is necessary to control under the microscope, in 
xylol. If further differentiation is needed the slides are taken down the series 
of mixtures and up again. Preparations containing gonococcal colonies should 
always bo controlled and differentiation continued until tho peripheral zone of 
the gonococcal colonies becomes transparent. For routine non-gonococcal 
preparations the above times may be relied upon without microscopical control. 
The slides are removed from tho xylol, shaken free of excess and mounted at 
once, without being allowed to dry, in D.P.X. or similar neutral mountant. 

L colonies can easily bo distinguished with the j inch objective. This method 
of fixing and staining, which is one of those used by Klienobcrger and Smiles 
(1942), with modifications by Dr C. Robinow, has proved simple nnd certain 
and can be recommended especially to those who have had no previous experience 
of this group of organisms. 

Results 

Male urethritis and 'prostatitis ( table /). L organisms were isolated 
from the urethral discharge, occasionally from the urine only, of 34 
per cent, of cases of gonorrhoea. They r were much more rarely found 
in primary non-specific urethritis (7 per cent.) and in the similar 
condition which often follows gonorrhoea (G per cent.). Thus our 




^ ,,G * “• ’Two different portions of the edge of n mixed L and gonococcal colony. 
Note L \esicles and darkly stnmed cocci x 1200 

m prossion preparations fixed with Bourn's fluid through ugnr «nd stnmed with 
Giemsn 






h ic -> — Edge of a puro 
gonococcal colon} 
"Note tli it the cocci 
including the large 
pleomorphic forms 
art ei cnl} stained 
unliKo L \esicle> 
X 1200 


Impression preparations fiied \\ ith Bourn s fluid through agar and stained with 
Giemsa 
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results offer no real evidence to suggest that non-specific urethritis 
is due to L infection. Nor is there evidence that L organisms are 
responsible for prostatitis. We have found no correlation between 
the presence of L infeotion and clinical signs of prostatitis. A larger 
survey is needed, however, to establish this point with certainty. 

Table I 


Isolation of organisms of the pleuropneumonia group ( L organisms) 
from the inale genital tract 



No of cases 

No Z.- 
posltlve 

Percentage 

positive 

From urethral discharge or urinary deposit or both in different 

clinical groups 



Gonorrhcea - .... 

35 



Non -specific urethritis .... 

45 



Residual non-spocxfxo ‘ urethritis following 

34 



gonorrheca 




From the prostate 

Prostato vesicular secretion .... 

38 

3 

8 1 

Signs of prostatitis 

9 

1 

ilill 

From “ normal ' 

men 



From urethra or urinary deposit or both . 

28 

4 

14 

Signs of gonito-unnary infection (alight pyuria) 

4 

1 



In a group of 28 men from a skin department, none of whom had 
any obvious signs of urethritis, L organisms wore found in the urethra 
or urine or both in 4. Tour of the group showed slight pyuria, but only 
one of these was L positive. Thus it is possible, as previous work has 
• indicated, that L organisms may exist in the urethra or elsewhere 
in the genito-urinary tract without causing symptoms. Here also a 
larger survey is needed. 

Female genital infections ( table II). L organisms were found in 
cultures from the cervix or urethra or both of II out of 18 cases of 
gonorrhoea and of 39 out of 63 cases of Trichomonas vaginitis. Where 
the two conditions coexisted L organisms were isolated from all of 
20 cases. They were found in 8 out of 1 8 cases of non-specific cervicitis 
and in 6 out of 8 cases where this condition was complicated by 
Trichomonas vaginitis. In this connection it should be remembered 
hat gonorrhoea in women is often masked, particularly when Tricho- 
monas is present. It is possible, therefore, that in women there is an 
oven closer association than is apparent between the gonococcus and 
the L organism. 

recti, or ma.— vol. ivm 
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Seventeen clinically normal women were examined ; L organisms 
were isolated from only one of them. It must be noted, however, 
that many women after apparently successful treatment for gonorrhoea 
or Trichomonas vaginitis were also clinically normal, yet several of 
these yielded L organisms. 

Table H 


Female genital trad injections : isolation of organisms of the pleuropneumonia 
group (L organisms) from, cervix or urethra or both 



No. of cases 

No. L- 
positive 

Peicentase 

positive 

Gonorrhcoa ....... 

IS 


61 

Trichomonas vaginitis ..... 

63 


62 

Non-specific cervicitis ..... 

18 


44 

Gonorrhcoa and Trichomonas vaginitis 

20 

20 

100 

Xon 'Specific cervicitis and Trichomonas vaginitis 

8 

6 

75 

Effects of treatment 

After treatment of gonorrhoea with penicillin or 

14 

6 

36 

sulphathiazola 




After treatment of Trichomonas vaginitis with 

GS 

8 

12 

focal applications of Stovarsol * 




After treatment of non-specific cervicitis with 

16 

6 

38 

penicillin or eutphnthiazolo 




Controls 

Clinically normal women 

Vi 

l 

0 


. ’ Slovartol vagina! compound (May and Baker). 


Local treatment of Trichomonas vaginitis with pentavalent arsenic 
greatly reduces, at least for a time, the frequency of isolation of L 
organisms. Treatment of gonorrhoea and of non-specific cervicitis 
with penicillin or sulphathiazole may have some effect, but the 
figures are not significant. L organisms were obtained in profuse, 
almost pure culture from the cervix and urethra of a woman with 
Trichomonas vaginitis two days after the completion of a course of 
penicillin injections for syphilis (2-4 million unite given during 
~b days). 

The frequent close association of L organisms with the gonococcus 
is striking. L organisms were detected in apparently pure cultures 
of the gonococcus by Dienes (1940) and Brown and Hayes (1942). 
In the present series we have found that the primary mixed cultures 
are of two types. In one, L colonies and gonococcal, colonies grow 
side by side, and even when in contact preserve their individual and 
characteristic structure ; in the other, true mixed colonies occur 
which are unlike those of either component organism. L vesicles and 
gonococci appear to be fairly evenly mixed. This is most easily seen 
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in the periphery of the ooloiiy (fig. 2). The growth of the L organism 
is more abundant than it would be when growing alone in similar 
conditions and the filamentous elements are generally more numerous, 
often extending like whiskers around the mixed colony and forming 
a network over its surface (figs. 3 and 4). The typical radial arrange- 
ment of L growth is obscured or absent and the vesicles tend to be 
smaller and more nearly circular than in pure L oolonies. It is seldom 
hard to distinguish the vesicles from the large pleomorphic forms of the 
gonococcus. The latter are stained evenly though faintly by Giemsa 
(fig. 6), while the former appear as obvious vesicles often filled with 
granules (fig. 2). As is well known, there is a good deal of controversy 
as to the relation between L organisms and the bacteria with whioh 
they are commonly associated. We shall not speculate about the 
nature of the association with the gonococcus. It has been possible, 
in several cases, to separate the L component from mixed colonies by 
the use of penicillin or sulphathiazole. If a solution containing 50- 
100 unitsper c.c. of penicillin or 1 : 2000 sulphathiazole is put into a 
porcelain cylinder on a chocolate agar plate spread with gonococcal 
pus, a zone of inliibition of gonococcal growth will surround the 
cylinder, and in this zone puro L colonies can often be found. 

Summary 

Organisms of the pleuropneumonia group (L organisms) have been 
isolated from inflammatory exudates in the genital tract of both men 
and women. In both, they are commonly found in gonorrhoea 
(34 per cent, in men and about 00 per cent, in women) and in women 
they are common also in Trichomonas vaginitis and in non-specific 
cervicitis. They are much less commonly found in cases of the 
troublesome non-specific urethritis of men and are uncommon in 
prostatitis. They are found in a small proportion of apparently healthy 
men and women. 

Wo aro indebted to Colonel Croker, Officer Commanding tho Royal Victoria 
Hospital, for permission to report- these findings, to Mrs Ivlienobcrger-N obol 
for valuable advice and the gift of two of her classical L strains for comparison, 
t° Hr C. Robinow for advice and help in tho early stages of tho work and for 
taking the photographs, and to the technical staff, especially Pte. 4V. Rotenberg, 
H.A.M.C., without whose assistance the investigation would not have been 
possible. 
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THE INFLUENCE OF SURFACE-ACTIVE SUB- 
STANCES ON THE GROWTH OF ACID-FAST 
BACTERIA 

A. E. Alexander and M. A. Soltys 

From the Department of Colloid Science and the Institute of Animal 
Pathology, University of Cambridge 

The physico-chemical or bio-physical state of the medium used in 
the culture of bacteria has in the past received little attention. 
Amongst the physical properties likely to influence the growth of 
acid-fast bacteria that of surface tension might well be expected to 
ba important, since these organisms normally grow as a pellicle on 
the surface. Surface-active substances might conceivably affect the 
growth in two ways, either by increasing the wetting of the bacterium 
by the medium and thus altering its environment, or by adsorption 
upon or into the bacterial envelope, thus influencing certain nutritive 
or growth processes. Since growth as a surface pellicle is often 
oxtremely slow with some types of acid-fast bacteria, it was thought 
that such alterations might in some cases lead to increased growth, 
either upon the surface, or in bulk if the organisms were displaced from 
the surface by the action of the wetting agent. 

Only a few papers bearing directly on this problem and with but 
few Burface tension depressants appear in the literature (Larson, 

■ Cantwell and Hartzell, 1919 ; Larson, 1921-22 ; Larson and Montank, 
1922-23 ; Cooper, 1930), although a good deal has been done with 
other types of bacteria (e.p. Lominski and Lendrum, 1942). We have 
examined the effect of a number of surface-active compounds of 
various chemical types on three strains of acid-fast bacteria, and it 
appears that the chemical nature of the compound is of minor 
importance in comparison with its effect upon surface properties as 
measured by surface tension. In general, as the surface tension is 
progressively reduced below about 40 dynes/cm. bacterial growth is 
increasingly inhibited, until below about 28-30 dynes/cm. no growth 
at all is observed. 

. Methods and material 

Bacteria. Tho strains of acid-fast bacteria used were : — (1) Mycobacterium 
h , , no. 54 of the National Collection of type cultures; (2) Mycobacterium 
aoerculosie, human type " DT ” ; (3) Mycobacterium tuberculosis , avian type 
riC9 ”, The last two were both kindly supplied by tho Veterinary Laboratory, 
rnistry of Agriculture and Fisheries, Weybridge. 
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Surface active compounds. Only neutral and anionic types were examined 
in view of the well known toxicity of those of the cationic typo : (1) aerosol 
I.B. (di-butyl sodium sulpho-succinate), (2) aerosol A.Y. (di-amyl sodium 
sulpho-succmate), (3) amyl alcohol, (4) octyl alcohol, (5) glycerol mono-oleate, 
(G) lecithin, (7) potassium oleate, (water content ca. 15 per cent.), (8) potassium 
stearate, (9) sodium oleate, (10) sodium stearate, (11) sodium ricinoleate, (water 
content ca. 10 per cent.), (12) sodium lauryl sulphate (sulphonnted lauryl 
alcohol), (13) sodium oleyl sulphate (sulphonated oleyl alcohol, water content 
ca. 30 per cent.), (14) triethanolamine lauryl sulphate (sulphonated lauryl 
alcohol neutralised by triethanolamine, water content ca. 50 per cent.). Of 
these, compounds (1) and (2) were pure products kindly given by Cyanamid 
Products Ltd., compounds (5)-(14) inclusive were commercial products kindly 
given by Messrs Boake, Roberts Ltd. The alcohols were ordinary laboratory 
samples. In /the percentage concentrations referred to in the text no allowance 


has been made either for water content or for impurities present, but the 
approximate values for the former are given above. 

Media. Unless otherwise stated B.A.I. (Bureau of Animal Industry of the 
U.S.A.) synthetic medium was used, in order to eliminate as far as possible 
complications arising from surface-active materials present in broth and similar 
media. Its composition was as follows : — 


Asparagine . 
Dipotassium phosphate 
Sodium citrate 
Magnesium sulphate 
Ferric citrate 
Dextrose 
Glycerol 

Distilled water to . 
pH 


14 g. 

1-8 „ 

0- 9 „ 

1- 5 „ 

0-3 „ 

10-0 „ 

100-0 „ 

1000 ml. 

6-8-7-0 (no adjustment) 


Tho surface tension of a freshly cleaned surface of this medium was about 
73 dynes/cm., i.e. close to that of water, but fell slowly on standing to about 
54 dynes/cm., probably due to traces of surface-active impurities. This medium 
was also used when solidified by the addition of 2 per cent, agar ; glycerol broth 
and Besredka egg-yolk medium were tested for comparison. 

Surface tension determination. In general the ring method, using a platinum 
ring and torsion balance, was employed, absolute values of surface tension 
being obtained by applying the correcting factors of Harkins and Jordan (1930). 
Tho surface tension was usually measured at room temperature (17-20° C,), 
except in tho case of solid media '.containing agar, where measurement was 
made at 50° C . ; at this temperature such media are sufficiently mobile for 


measurement. 

In a number of instances, particularly when using media containing agar 
which were more difficult to determine by tho ring method, the Sugden 
modification of tho maximum bubble pressure was used (see Adam, 1941). 
With few exceptions the values obtained by- these two rather different methods 
agreed quito closely-. 

Inoculation of media. The media containing the various depressants and 
control media without added depressants were inoculated with a small piece 


(1-2 mg.) of pellicle of a young culture on glycerol broth. In some cases, 
particularly when the surface tension was very- low so that the bacteria readily 
sank, the inoculum was placed on the surface of a sterile cork disc of about 
10 mm. dinmeter. The inoculated media were then incubated at. 37 s C. and 
the results recorded at intervals depending upon the rapidity of growth. 7 he 
final examination was made after 14 days with Myco. phlei ami Mvco. tuber- 
culosis, avian type, and after six weeks with Myco. tuberculosis, human type. 
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Results 

These are get out m the table and it m evident that chemical 
differences between the depressants used are quite subordinate to 
their surface activities as measured by surface tension With the 


Table 


Surface active substance 


Octyl alcohol 
Amyl alcohol 
Aerosol A Y 
Aerosol I B 
Sodium stcamto 


Sodium ncinoleate 
Potassium stoarato 


Gljcerol mono’oleote 

Sodium oloyl sulphate 
Potassium olente 

Sodium oleate 


T ph^to Olamm0 kUlyl 8111 
Jj*AI synthetic 
Uljcerol broth 

^ , (Besredka’s 

tedium) 


Liquid medium (BA I ) 

Solid medium 
(B A I +2 per cent agar) 
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Concentration of depressant 
(per cent ) 

Surfaco tension (dyncs/cra ) 

0 1 

46 7 

0 5 

40 8 

02 

44 0 

05 

42 6 

02 

41 5 

0 5 

34 8 

0 1 

40 3 

02 

37 0 

01 

32 3 

02 

32 3 

0 5 

32 3 

0 1 

35 0 

0 5 

35 0 

0 1 

38 1 

02 

33 3 

0 6 

28 5 

01 

29 2 

0 6* 

28 5 

0 2 

29 2 

0 1 

28 2 

05 

27 2 

0 1 

27 8 

0 G 

27 8 

0 5 

26 5 

0 1 

25 6 

0 6 

23 6 

0 5 

24 2 

73 0 
49 If 
34 7f 


42 7 
41 1 

38 1 

45 3 

26 8 


32 9 
28 2 

31 9 
24 2 


+ + + Very good growth 
+ + Good growth 
4* Slight growth 
— No growth 

• Tills la greater than, the saturation solubility 
t Surface not cleaned before measurement of surface tension 


'quid media it seems that growth is adversely affected when the 
surface tension is reduced below about 40 dynes/cm and that there 
la no growth at all below about 30 dynes/cm On solidification by 


Surface tension -\t 50° C 
(dynes/cm ) 
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means of 2 per cent, agar, growth is often permitted on media which 
previously inhibited. This point, which is of some interest, is dis- 
cussed below. 

Some differences were observed between the organisms' studied, 
growth of Mi/co. tuberculosis, human type, being much more readily 
inhibited than that of the other two, wl rich behaved rather similarly. 
Growth occurred as a surface pellicle in all cases except noth 
Besredka’s egg-yolk medium, where it occurred throughout and 
was very abundant. 

In a number of cases the surface tension was measured at intervals 
during growth and it was invariably found that the surface tension 
rose, ultimately to that of the medium before addition of the 
depressant, showing conclusively that the depressant was being 
adsorbed on the surface of the growing bacteria. 

A modified B.A.I. synthetic medium containing no ferric citrate 
and only one-half the previous amount of glycerol gave results, both 
for growth and for surface tension, identical with those on one of 
the usual composition, sodium and potassium oleate, sodium and 
potassium stearate and sodium rieinoleate being used as surface-active 
substances. 


Dismission 

According to Larson and his co-workers (1919, 1921-22, 1922-23) 
Myco. tuberculosis will grow throughout the body of the medium 
when the surface tension is depressed from 59 dynes/cm., the value 
for ordinary broth, to 40-45 dynes/cm., using soaps of ricinoleic acid 
and stearic acid or bile. Cooper (1930) found that progressively 
increasing amounts of sodium rieinoleate, with accompanying decrease 
in surface tension, caused a corresponding inhibition of the rate of 
growth. In his experiments no sign of growth beneath the surface 
■was observed, a finding confirmed by the present work. 

Larson claimed that better wetting of the organisms by the 
medium creates better nutritive conditions, but Freedlander (1940) 
believes that wetting agents in general possess the property of 
penetrating and emulsifying surface films of fatty substances essential 
for growth, thus creating unfavourable conditions. 

The results of our investigation show that surface -active substances 
are adsorbed or incorporated in some way by the bacteria, even when 
these are growing apparently normally. Such adsorption is not un- 
expected, since the surface of these organisms is known to be of a 
waxy or lipoidal nature, and from the Gibbs equation adsorption 
would increase with decreasing surface tension. Presumably’ there 
is a limit t-o the amount of disturbance necessarily caused by this 
adsorption which the bacterium can withstand before losing its power 
to reproduce. The present experiments indicate that with Myco. 
tuberculosis, human type, this limit is reached when the surface 
tension is about 42 dynes/cm., whereas with the avian type and 
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with Myco. phlei a surface tension of about 30 dynes/cm. is necessary. 
These differences may arise either from a difference in the boundary 
membranes leading to different adsorptions (or rates of penetration), 
or to varying susceptibility to “ poisoning ” in general. 

Solidification of inhibiting liquid media by the addition of 2 per cent, 
agar permits growth to occur in some cases, as pointed out above. 
This might be explained in two ways. The surface-active compound 
might combine to some extent with the agar, reducing its effective 
concentration and surface activity to a degree which permits growth. 
The faot that the surface tension is in general raised by the addition 
of agar lends some support to this view, particularly as the differences 
would be enhanced if the liquid and solid media had been compared 
at the same temperature. The alternative explanation is that 
solidification, by eliminating convection, reduces diffusion of the 
surface-active compound to the surface of the bacterium and, if this 
reduction is sufficient, growth would again be permitted. It is of 
course possible that both factors are operative. 

The exceptional behaviour of Besredlta’s egg-yolk medium in 
exhibiting flocculent growth throughout the medium may be due to 
the presence in this system of a mixture of proteins and phospho- 
lipoids, the low surface tension arising from the latter. Unfortunately 
no pure specimens of these phospho-lipoids were available to enable 
tliis hypothesis to be tested. 


Summary 

1. The influence of fourteen surface-active compounds giving 
surface tensions in the range 50-24 dynes/cm. in a synthetic fluid 
medium upon the growth of three strains of acid-fast bacteria has 
been investigated. 

2. The growth of Mycobacterium tuberculosis, human type, was 
inhibited at surface tensions below about 42 dynes/cm., whereas with 
Mycobacterium tuberculosis, avian type, and Mycobacterium phlei 
growth wa9 inhibited only at surface tensions below about 30 dynes/cm. 

' 3. The chemical nature of the depressant used did not appear to 
be a relevant factor. 

4- Media containing depressants showed an increase in surface 
tension during growth, tending to the value of the untreated medium, 
showing that these compounds were adsorbed by the bacteria. 

5- Solidification of growth-inhibiting liquid media by 2 per cent. 
a gnr permitted growth to occur in some cases. Possible reasons for 
this are discussed. 

authors! wish to express their thanks to Mr A. E. Harding for his 
eehnical help. Ono of us (M. A. S.) is deeply indebted to Mr C. A. McGaughoy, 
acting director of tho Institute of Animal Pathology, for laboratory facilities. 
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576 . 8 . 097 • 39 : 576 . 852 . 23 (C. diphtherial) : 616 — 092 . 9 

NEUTRALISATION OP G. DIPHTHERIAS TYPE 
TOXINS WITH STANDARD ANTITOXIN, AS 
DETERMINED BY SKIN REACTIONS IN 
GUINEA-PIGS 

K. ZlNIJENIAlJN 

From the Department of Pathology and Bacteriology , University of Deeds 

An account was given in a previous communication (Zinnemann, 
1943) of the toxin production of the three types of G. diphtherias 
in a medium containing iron greatly in excess of the optimum. The 
toxins formed were measured by their minimal reacting dose. The 
average amount of toxin constituting one M.R.D. for the guinea-pig 
was expressed in terms of multiples of the average M.R.D. of 16 
experiments with a standard P.W. 8 strain. The mean M.R.D. for 
gravis strains was 1-7 times, for intermedins 3-4 times and for mitis 
4d times greater than for the standard P.W. 8 strain. 

The purpose of the present experiments is to establish the point 
of neutralisation of such toxins by standard antitoxin. 

Following upon tho discovery of the three main types of C. diphtherial a 
number of investigators (Parish el al., 1032 ; Povitzky el al„ 1933 ; Priggo, 
1935-3(1 ; Zinnemann and Zinnemann, 1939) established that P.W. 8 antitoxin 
afforded equal protection to guinea-pigs injected with toxins or cultures of 
gravis and mitis strains. Etris (1934) published figures which showed that one 
gravis antitoxin out of 4 gave better protection against gravis cultures than 
P.W. 8 antitoxin, if antitoxin doses were used which were either lower or only 
slightly higher than the minimal amount required for protection. The con- 
troversy was again taken up by Clauberg (1939), who contended that in the 
white rabbit’s skin the amount of standard antitoxin required to neutralise 
biologically equivalent doses ” of type toxin was two to three times greater 
for gravis than for mitis toxin. Ho concluded that tho G. diphtherias type 
strains either differ quantitatively in tho relative amounts of toxin and toxoid 
which they produce, or produce a type-specific toxin component, which can be 
neutralised only by excess of antitoxin, acting as a kind of “ carrier ” for a 
.hypothetical antibody against the supposed type-specific toxin component. 
♦ lucller (1941) described two experiments in which antitoxin neutralised toxins 
Produced by a P.W. 8 and a gravis strain oqually well. The iron content of the 
media was adjusted to exceed the optimum value. Neutralisation of toxin 
''fis determined by survival of guinea-pigs which had received 40 hl.L.D. of 
°rin prior to the administration of 0*6-1 *7 units of antitoxin. 

It was thought that differences in the neutralisation of type 
t0x ' ns > >f they oxisted, would be detected more readily if neutralisation 
were determined by a very sensitive method, using minute doses of 
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toxin and antitoxin. Rcimer’s (1909) intracutaneous method in the 
white guinea-pig was adopted although, according to Jensen (1933), 
tliis test is less sensitive than that in the white rabbit. Teclinicnl 
difficulties determined the choice of the guinea-pig method. The 
results of two experiments, however, were checked on the white 
rabbit’s skin. 


Method 

Tho technique previously described (Zinnemann, 1943) for tho production 
of typo toxins was followed. Tho earlier experiments had shown that a broth 
based on meat extract prepared at 48° C. never had an iron content bolow 
2 jig/c.c. or above 7 pg/c.c. Both values being greatly in excess of tho optimum 
and tho toxin production not being appreciably affected within this range, it 
was not thought necessary to determine tho iron content of tho various batches of 
broth used in tho present experiments. In tho previous report tho depth of 
medium in the bottles used for toxin production was not stated. In both series 
of experiments tho layer of medium was approximately 1 cm. deep. 

Each experiment consisted of a preliminary toxin titration and subsequent 
neutralisation experiment, using 4 strains consisting of gravis, mitis and inter- 
meditts and P.W. 8 “ Elstreo 110”. The M.R.D. of the toxins used in each 
experiment was established on tho shaved skin of tho abdomen of white guinea- 
pigs. To exclude reactions peculiar to individual animals, only 4 injections 
were given to each guinea-pig, tho same dilutions of each of tho 4 toxins being 
tested on tho same animal. This principle was also used in tho neutralisation 
experiments, the same dilutions of antitoxin mixed with 1 M.R.D. of each of tho 
toxins being tested on ono guinea-pig. Tho technique commonly used for 
titration by flocculation was followed in these neutralisation experiments, i.c. 
sotting up toxin-antitoxin mixtures with progressively decreasing amounts of 
antitoxin. Tho toxin-antitoxin mixtures were left to stand for 2 hours in tho 
dark, at room temperature, before injection. Preliminary experiments showed 
that amounts of antitoxin from 0-00020 to 0-00001 I.U. wero required to 
neutralise 1 M.R.D. of the 4 toxins tested in each experiment. Tho 10 nnti- 
toxin dilutions employed, made up to equal volumes with saline, contained 
tho following amounts of antitoxin per 0-2 c.c. of toxin-antitoxin mixturo 
injected : 0-00020, 0-00016, 0-00014, 0-00012, 0-00010, 0-00008, 0-00000, 0-00004, 
0-00002 and 0-00001 I.U. Such a series was considered sufficient for the 
detection of increased fixation of antitoxin, should ono of the typo toxins in 
tho experiment requiro a significantly larger dose of antitoxin for neutralisation 
than the remainder. Neutralisation was considered to have taken place if the 
local reaction produced by tho injected toxin-antitoxin mixturo hnd a diameter 
considerably less than 10 mm. or if tho skin reaction was no longer red but 
yellowish in colour, or was absent altogether. Tho standard antitoxin used 
in all experiments was obtained from the National Institute for Medical Research 

in-vivo 

(no. DF 12, containing 100 I.U. per c.c. : ratio = 1). 


Experiments on white guinea-pigs 

Twelve neutralisation experiments were carried out. The results 
are recorded in table I. In 7 experiments the gravis, mitis, intermedins 
and P.W. 8 toxins in each experiment were neutralised by the same 
amount of antitoxin, although the amount of antitoxin differs from 
one experiment to another. In these 7 experiments neutralisation oi 
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Table I 

The neutralisation of 1 M.R.D. of type strain toxin# and P.W. 8 strain 
“ Elstree 110” toxin with standard antitoxin on white guinea-pigs 


Expt. no. 


HU 

Amount of antitoxin 
(I.U./0-2 c c.) necessary 
to neutralise 1 M.E.D. 

1 

SS 227 

G 

Leeds 

0-00004 


211 

M 

•M 

0-00004 


263 

I 

,, 

0-00004 


P.W. 8 



0-00004 

0 

HC 447 

G 

Hull 

0-Q0010 


SS 290 

M 

Leeds 

0-00010 


0587/4 

I 

f , 

0-00010 


P.W. 8 



0-00010 

3 

244 

G 

Leeds 

0-00014 


' 7264/1 

M 

• ,, 

0-00012 


182 

I 


0-00012 


P.W. 8 



0-00014 

4 

G 2 

G 

Glasgow 

0-00014 


11/5 

M 

Bristol 

0-00014 


214 

I 

Leeds 

0-00010 


P.W. 8 



0-00014 

5 

677/6 

G 

Leeds 

0-00010 


485 

M 


0-00010 


238 

I 


0-06010 


P.W. 8 


... 

0-00010 

a 

C440 

G 

Leeds 

0-00010 


0128/3 

M 


000010 


6049/2 

I 


0-00010 

■ 

P.W. 8 



0-00010 

7 

243 

G 

Leeds 

0-00010 


6020 

M 

„ 

0-00006 


478 

I 


0-00010 


P.W. 8 



0-00010 

8 

6578 

G 

Leeds 

0-00008 

, 

6128/3 

M 


0-00008 


6049/2 

I 


0-00008 


P.W. 8 



0-00008 

9 

201 A 

G 

Halifax, Nova Scotia 

0-00010 


263 A 

H 

M 

0-00010 


112 A 

I 


0-00010 


P.W. 8 



0-00010 

10 

HO 463 * 


Hull 

0-00006 


7446 


Leeds • 

0-00008 


6639/2 

I 


0.00006 


P.W. 8 



0-00006 

11 

6063/3 

G 

Leeds 

0-00004 


6488 

M 


0’00004 


6438 

I 


0-00004 


P.W. 8 



0-00004 

12 

Rice 

G 

Dundee 

O'OOOOS 


6612 

M 

I Leeds 

0-00008 


479 

I 


0-00010 

_ 

P.W. 8 



0-00010 


Atypical. 
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all 4 toxins took place on the same guinea-pig. This is obviously a 
much Iiigher proportion than could have been expected considering 
^ the variation of the neutralising dose for P.W. S toxin in the whole 
series. In 5 experiments (nos. 3, 4, 7, 10 and 12) different amounts 
of antitoxin were required. The differences were, however, mostly 
slight and were well within the limits of experimental error. It should 
be borne in mind that a direct comparison of the values in the 5 
experiments showing discrepancies is not justified, since the values 
were obtained on different guinea-pigs within these experiments. 
There is no regularity or specificity in these slight discrepancies. In 
expt. 3 the gravis and P.W. 8 toxins required more antitoxin for 
neutralisation than did the mitis and intenneditts toxins, whilst in 
expt. 4 the same was true for the gravis, mitis and P.W. 8 toxins as 
compared with the intermedins toxin. In expt. 7 the mitis toxin 
requires less and in expt. 10 more antitoxin than the others. In 
expt. 12 the intermedins and P.W. 8 toxins require more antitoxin 
than the gravis and mitis toxins for neutralisation. None of these 
differences, however, are significant. 

Expts. 10 and 12 are of special interest. Strain HC 453 is an 
atypical strain — type TV of Wright and Christison’s (1935) classification. 
Such strains correspond to the gravis type in all respects except for 
their failure to ferment starch. Strain “ Rice ” in expt. 12 is a 
gravis strain (Dundee variant). The characteristics of these strains 
■ were described by Robertson (1943) and were also mentioned by 
Johnstone and Zinnemann (1943). Toxin production In" such atypical 
strains and gravis strains (Dundee variant) -was shown to be not 
higher than that produced by mitis strains (Zinnemann, 1943). 
Neutralisation of toxins from such strains takes place in the same way 
as for toxins from gravis, mitis and intermedins strains and the P.W. 8 
strain “ Elstree 110 ”. 

Experiments on white rabbits 

When it became obvious that there was divergence from Clauberg’s 
results, two of the experiments set out in table I (nos. 7 and 8) were 
checked on shaved white rabbits, since tills author used Jensen’s 
method. The M.R.D. of each toxin was re-determined for the rabbit’s 
skin. This preliminary toxin titration and the neutralisation of the 
M.R.D. of the 4 toxins thus established were carried out on the same 
animal in each experiment. Table H gives the values for the 
neutralisation of 1 M.R.D. of the two groups of toxins tested. The 
results confirm those of the experiments on guinea-pigs. 

Thus it can be stated that all the diphtheria toxins tested, t.c. 
those produced by a number of gravis, mitis and intermedins strains, 
by 1 variant of gravis and 1 atypical strain as well as by strain P.’W 8 
" Elstree 110”, could be neutralised equally well by standard PW 8 
antitoxin. 
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Table IX 


Tico toxin neutralisation experiments on the white rabbit 


Expt. no. 

Stratum from which toxin 
was prepared 

' 

' Source 

Amount of antitovln 
(I.U./0-2 ex.) necessary 
to neutralise 1 M H I>. 

7 

243 * 

G 

Leeds 

0-00004 


6020 

M 


0-00004 


478 

i 


0-00006 


P.W. 8 


... 

0-00004 

8 

6578 

G 

Leeds 

0-00010 


6128/3 

M 


0-00010 


6049/2 
P.W. 8 

I 

>» 

0-00010 

0-00010 


Extended observations on toxin production by the 
different types of C. diphtherias 

The experiments just described extended the observations on 
toxin production reported in the previous communication, in which 
a small group of atypical and unusual strains had been excluded 
from tho general conclusions. For this reason expts. 10 and 12 are 
excluded from table III, which analyses the M.R.D.' values of the 
toxins as in the previous series. A number oi Btrains in the present 
series had been used in the experiments reported earlier, hut except 
for oxpt. 1 those strains were grouped in different combinations, or 
with other strains not previously used. In expts. 6 and 8 the mitis 
wid inlermedius strains were identical. The weighted means for the 
10 gravis x 10 mitis and 10 intermedins toxins are all somewhat higher 
than in the first series. The values were then 0-00165 for gravis, 
0-00413 for mitis and 0-0034 for intermedins toxin, all figures for the 
M.R.D. of the P.W. 8 toxins being adjusted to 0-001. If the two 
of experiments are considered together, the resulting weighted 
nicang for the 26 experiments are almost identical with those obtained 
for the 16 experiments in the first communication. 

Discussion 

The results of this investigation confirm earlier observations 
Wnnemann and Zinnemann) and those of other workers in this 
(Parish et al. ; Povitzky e( al. \ Prigge ; Mueller), but Clauherg’s 
” sii,is a nd conclusions are in complete opposition, although he 
employed similar methods. An explanation for this discrepancy can 
Perhaps he found in the tables contained in his paper. Prom these it 
eeems obvious that his “ biologically equivalent doses ” of toxin, 
neutralised, were arbitrarily chosen for the similarity of the 
' in factions produced by mitis and gravis toxins. They do not 
■wti to correspond to minimal reacting doses (M.R.D.) or any other 
b p 7> rt ' t ' 0se ’ ^ ut ^ey constitute undetermined multiples of 1 

• • • A rather large experimental error is thus introduced, since 
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it is possible to produce identical " biological reactions ” with different 
multiples of I M.R.D. These, in their turn, null require different 
amounts of antitoxin for their neutralisation. 

For the same reason his figures relating to the amount of toxin 


Table III 


Toxin production of type strains and P.W. 8 strain “ Elslrcc 110” 


Expt. no. 

Strata from 
which toxin 
was prepared 

Source 

M.IU). relative to P.W 8 ** 0 001 c.c. 

Grata* 

HiHt 



1 

SS 227 G 
211 31 
203 I 
P.W. 8 

Leeds 


0-002' 

ooi' 

... 

0-01 

0 001 

2 

HC 447 G 

SS 290 M 
6587/4 I 
P.W. 8 

Hull 
Leeds 
» • 


0-004 

o-oi 

0*01 

... 

0-001 

3 

244 G 

7264/1 31 

182 I 

P.W. 8 

Leeds 

tt 

tt 


0-0005 

0-002 

... 

... 

0-002 

0-001 

4 

G 2 G 

11/5 M 

214 I 

P.W. 8 

Glasgow 

Bristol 

Leeds 


0-002 

0-002 

0-002 

0 001 

5 

577/5 G 
4S5 M 

238 I 

P.W. 8 

Leeds 

r» 

i t 


0-0005 

0-003 

... 

00017 

... 

0-001 

6 

6440 G 

6128/3 31 

6049/2 1 

P.W. 8 

Leeds 

ft 

ft 


0-0017 

... 

... 

0-002 

... 

... 

... 

... 

0-0014 

o'ooi 

7 

243 G 

6020 M 

47S I 

P.W. 8 

Leeds 

ft 

ft 


0-0027 

. 

0-0067 

... 

... 

0 0 019 

0-001 

S 

6578 G 

6128/3 31 

6049/2 I 
P.W. 8 

Leeds 

t t 

ft 


0-004 

... 

o-oos 

0-002 

0-001 

9 

261 A G 
253 A 31 
112 A I 
P.W. 8 

Halifax, Nova Scotia 

tt 

tt 

0-004 

0-008 

... 

... 

O-OOS 

o-ooi 

10 

6653/3 G 
648S 31 

6438 I 

P.W. 8 

Leeds 

tt 

tt 


0-0005 

0-002 

0-001 

... 

0 001 


Total 

Jlean 

• 

' 

0-0219 

0-00219 

0-0537 

0-00337 

m 

0-0)0 

o-ooi 
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produced by typo strains of C. diphtheria; should be treated with 
caution, although they fall into line with the results of Mueller and 
the writer. It is unlikely that the strains used in these experiments 
and those of Clauberg had different properties. This view is 
strengthened by the fact that, besides those isolated in the Leeds 
area, strains were included in the present investigation which were 
obtained from other areas of the British Isles, as well as three strains 
from Halifax, Nova Scotia. Outbreaks of a severity comparable to 
that of European epidemics had occurred in Halifax (Wheeler and 
Morton, 1942). The toxins of these three strains were found to he in 
no way different from those of the Leeds strains, either in amount 
produced or in the extent of their neutralisation with antitoxin. 

Clauberg (1939) and O’Meara (1940) put forward hypotheses 
assuming the existence of type-specific toxin components. Clauberg’s 
communication has already been discussed, and O’Meara’s basic 
observations could not be confirmed by Frobisher and Mauss (1943), 
Povitzky (quoted by Frobisher, 1943) or Zinnemann (1943). Until 
more convincing evidence is available, our knowledge of the facts 
underlying the differences in pathogenicity of the 0 . diphtheria; types 
remains restricted mainly to the larger amount of toxin produced 
by gravis and intermedins strains, particularly under conditions 
similar to those present in the human and animal body. This idea, 
first suggested by Povitzky et al., was demonstrated experimentally 
by Irene Zinnemann and Glusman ( vide Zinnemann, 1943, p. 276), 
Clauberg, Mueller, Zinnemann (1943), and recently in a very neat 
way by 0rskov el al. (1944). Mueller considerably increased our 
knowledge by emphasising tho importance of excess of iron in 
demonstrating the quantitative differences in toxin production. 
0rskov ct al. state that besides the larger amount of toxin produced 
in the tissues, there is also a marked inhibition of phagocytosis by 
gravis strains. This is confirmed in a forthcoming paper by Orr-Ewing 
(1946). Absence of phagocytosis might be expected to facilitate 
invasion of the animal body by gravis strains, but these workers did 
not succeed in isolating C. diphtheria of any type from the internal 
organs of guinea-pigs infected subcutaneously. Several observers, on 
tho other hand, have demonstrated the presence of diphtheria bacilli in 
those circumstances (Robinson and Marshall, 1934; Gundel and Erzin, 
1935; Gins, 1935-36; Kroemcr, 1936-37 ; Clauberg and Plenge, 1937 ; 
Zinnemann and Zinnemann, 1939 ; Zinnemann, 1940). It is difficult 
to assess at present whether, and if so to what extent, an invasion of 
ho tissues and internal organs plays a part in malignant diphtheria, 
considerably more animal experiments and post-mortem investigations 
on sovoro clinical cases are necessary to elucidate tins point. 

Summary 

'• Toxinsof C .diphtheria; gravis, milis and intermedins strains as well 
^ °‘ P.W. 8 strain "Elstree 110 ”, produced in a medium containing 
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a large excess of iron, aTe neutralised equally well by standard 
P.W. 8 antitoxin. The determination of the M.R.D. of the toxins and 
their neutralisation was carried out on the white guinea-pig’s skin. 

2. Toxins of a “ Dundee variant ” of the gravis type and of nn 
atypical strain were neutralised in the same way. 

3. Two experiments repeated on the white rabbit’s skin confirmed 
the results obtained on the guinea-pig. 

4. Our present knowledge of the facts undertying the association 
of the C. diphtherias types with clinical cases of differing severity 
is discussed. 

I have much pleasure in expressing my thanks to Sir Percival Hartley for 
the supply of standard antitoxin, to Prof. W. J. Tullocli, Dr Hester E. do C. 
Woodcock, Dr H. S. Carter, Dr K. E. Cooper, Dr G. D. W. Cameron and the 
Iato Dr H. M. Leete for some of the strains used, to Dr J. W. Orr for advico on 
the statistical aspects of the completed experiments, to Dr K. I. Johnstone 
for suggestions in preparing the manuscript and to Mr J. Mnckavoy for assistance 
with the animal experiments. 
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A HISTOLOGICAL AND BACTERIOLOGICAL STUDY 
OF HEALING BURNS WITH AN ENQUIRY INTO 
THE SIGNIFICANCE OF LOCAL INFECTION 

J. GoBroif, R. A. Hall, B. M. Heggie and E. A. Hokne 

From the School of Medicine , Leeds 

(Plates IH-VH) 

Three factors determine the mode and rate of healing of a bum : 
(1) the severity and therefore the initial depth of injury, (2) the 
degreo of meohanical or chemical trauma to the surface during 
treatment and ( 3 ) the presence or absence of infection. In clinical 
praotice it is often impossible to assess the part played by each of 
these factors when a bum fails to heal in the expected time. If, 
however, the initial depth of injury be known ( vide infra) and further 
surface damage avoided by the use of bland applications (Cannon 
and Cope, 1943 ; McLure and Lam, 1943 ), the effects of the presence 
of pathogenio bacteria can be studied more precisely, including the 
way in which the inflammatory reaction varies in second and third 
degree bums. 

Definitions of the terra “ wound infection ” vary ; we have used it in the 
mam to mean tho recovery of pathogenic organisms from an inflamed surface. 
Many workers, notably Aldrich (1933), Cruickshank (1935) and Clark et al. 
(1943), have shown the frequency with which haemolytic streptococci invado 
bums and have stressed tho importance of this organism. Staphylococcus aureus 
is also a common invader (Heggie and Heggie, 1942 ; Bodenhara, 1943). 
Bodenham states that haemolytic streptococci are responsible for the most 
serious of the disturbances, but Staph . aureus also can produce severe local 
reactions. 

Our own method of investigation consisted in making clinical observations 
at the tune of tho initial cleansing (which was as gentle as possible, uamg soap 
a nd saline), while also taking swabs and biopsies. Similar observations were 
niado at daily or longer intervals. In nearly all cases the dressings consisted of 
jelonet covered by an ocolusive pressure dressing. Sulphonamides were used 
hemolytic streptococci were recovered. 


Initial clinical appearances 

Gradations of severity ranged from intact blisters through a red, raw, moist 
surface which blanched on compression to moro so\ ero grades where tho surface 
cither appeared purpuric or was pale and dry. The nature of tho exudate 
"nich formed after cleansing and drying was noted. In the least severe of the 
open wounds it was serous ; in moro severe cases it was often bloodstained and 
61 
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the exuded fibrinogen tended to coagulate. 'Where the surface was pale, little 
or no exudate formed. A largo intact blister always implied a second degree 
burn, a red raw surface usually but not always. Purpura appearing soon after 
injury or within 24 hours occurred in both second and third degree bums. 
Pale, dry, non-exuding surfaces almost always meant third degree bums, 
except in the ease of a few fiamo bums. We confirmed the observation that 
flame bums produce less surface exudate than scalds, that there is less likelihood 
of large tense blisters being formed and that in general they give an appearance 
of deeper injury than is in fact the ease. Thus on one occasion tho thickened 
skin over tho tibinl tuberosity showed manifest superficial charring, yet second 
degree type healing occurred in the usual time. 

Bacteriological technique 

Swabs were usually taken immediately after tho initial cleansing and again 
whenever the wound was exposed for examination. They were taken so as to 
collect the flora from a wide area and were plated without delay on heated and 
unheated blood agar and incubated for 24 hours at 37° C. Tho coagulaso 
reaction was done on all staphylococci and the soluble hmmolysm test on all 
streptococci suspected of being hsemolytic. In many cases different parts of 
tho wound were oxamined separately. 

Biopsy technique 

Biopsies were taken by means of a sharp cork borer J in. in diameter, which 
was found to give a sufficient amount of tissue. If the surrounding parts healed 
as a second degree lesion, tho biopsy scar was of pin-head size. If taken from 
a third degree area no additional sear was evident. The tissue was fixed in 
1 0 per cent, formol-salino, sections were cut serially and stained with hrematoxylin 
and oosin, by various other methods for collagen, elastic fibres and fibrin, and 
for organisms by Gram’s method. Biopsies were taken from many other 
bums besides those reported here. They were also taken from a number of 
cases during the subsequent course. So far as we aro aware, no systomntic 
histological study of this kind has as yet been reported. There havo, however, 
been several papers dealing with regeneration of donor sites after skin grafting 
(Cannon and Cope, 1943 ; Hirshfeld cl al., 19 43 ; and others), a process which 
to some extent simulates the healing of second degree bums. 

Scrape biopsies. In several cases where it was deemed inadvisable to take 
a biopsy, the surface of tho bum was firmly scraped with a scalpel and smears 
made of the material. The object was to find out whether there was growing 
epithelium — f.c. evidence of healing — in areas where this was doubtful or 
where inflammatory exudato obscured the surface. In these smears, if epithelial 
cells were present, they were easily made out ns masses of squnmes and this 
was taken as evidence of attempted healing. 


Histological obseevatioks 

First degree burns 

These include all bums from simple erythema to a “ peau d ’orange ” 
appearance and involve partial destruction of the surface epithelium, 
although the stratum comcum remains intact. 

Histology. One biopsy was taken from such a bum. It shows 
partial heat necrosis of the epidermis (fig. 1), the cells lying between 
the dermic papillce appearing viable and very early intra-epidermal 
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Plate HI 


Histology of healing burns 



Fio. 1. — Severe 1st degree burn five hours after injury, showing partial destruction of 
epidermis with intact though thickened stratum comeum. No blisters formed. 
Healing occurred in 3 or 3 days, with scaling and pigmentation. H. and E. x 90. 



Fio. 2. — Typical blister skin from 2nd degree scald a few hours after injury. The 
wholo epidermis is necrotic and lias been lifted off the dermis in one sheet by blister 
fluid. Note intact stratum comeum. H. and E. x 90. 



iiQ. 3. — -Typical 2nd degree burn six hours after injury, showing total loss of epidermis. 
Dermal pnpillre easily mndo out, with surviving epithelium in sweat ducts and hair 
follicles. Healed in 9-10 days. Hremolytic streptococci xvero recovered from 
this area on the 3rd, 4th and 5th days, H. and E. X 50. 
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vesicle formation is seen. The stratum comeum is intact, but beginning 
to show some separation into its component layers. There is marked 
capillary congestion of the dermal papill® but no cellular infiltration. 


Second degree bums 

Here the surface epithelium is totally destroyed, laying bare the 
dermis, with varying degrees of incomplete necrosis of hair follicles 
and sweat ducts. Such areas may he covered by blisters. 

Histology. Epithelium. The surface epidermis, apart from a few 
necrotic colls lying between the dermal papilla in an occasional biopsy, 
is wholly lacking (figs. 3-5). The blister skin (fig. 2) always consists 
of the whole epidermis and never of the stratum comeum alone, as 
apparently may occur in bums of the hands and feet (Patey and 
Scarff, 1944-45). 

The hair follicles show a gradation from above downwards in the 
damage to the cells composing them. In a typical section the upper 
third or so of cells (fig. 4) shows complete necrosis with loss of all 
detail, resulting in a homogeneous' strongly eosinophilic reaction. 
Further from the surface various types of cell damage are encountered. 
These have been described in detail by Leach el al. (1943-44). Nuclear 
pyknosis is common, as are also nuclear shrinkage and vacuolation. 
Karyorrhexis is less frequent. A common finding is linear shrivelling 
of the cytoplasm and nucleus, usually at right angles to the surface 
(figs. 0 and 7). Cells showing these changes gradually give place to 
those which are histologically normal . In many biopsies it is impossible 
to say with certainty whether or not the epithelium has undergone an 
irreversible change. It is very probable also that in some cases the 
epithelium may undergo further retrogressive changes later. 

Tho cells lining the sweat ducts show changes similar to those 
described above. The transition from obviously necrotic to apparently 
normal cells is often striking. 

Corium. As a rale the outlines of the dermal papilla! are easily 
seen (figs. 3 and 5). In milder burns, where the epidermis has been 
lifted off entire as a blister, little obvious damage to the collagen is 
seen apart from a very thin crust of coagulated collagen. In more 
severe bums the whole of the collagen in tho papillae has lost its 
fibrillary structure and become a homogeneous mass, frequently 
staining basopliilic with Iuematoxylin or yellowish with van Gieson 
(fig. 3). The fibrocyto nuclei show, when damaged, very bizarre 
straggling shapes even in mild burns and disappear completely by lysis 
>n tho more severe. In the milder bums there is marked congestion 
of the superficial capillaries, in tho more severe, intravascular hrerao- 
lysis is present and the capillaries are seen as rounded spaces filled 
"■ith eosinophilic masses, possibly thrombi. The nuclei of the 
endothelial cells have vanished in such cases. In areas of milder 
aatuago partial loosening of tho endothelial cells can be seen, with 
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varying damage to their nuclei. There is no increase in the number 
of polymorphs in the vessels, even in burns up to 6 hours old. Escape 
of red cells into the surrounding connective tissue is usually slight. 
In milder second degree bums there is no evidence of damage to 
the elastic fibres, hut in some of the more severe there is loss of 
sharpness in the staining of the vertical fibrils in the papilla;. Fibrin 
is never found in the interstices of the collagen, but often forms a 
thin pellicle on the surface of the papilla; (fig. 5). A few scattered 
polymorphs are encountered in some cases. They are never seen on 
the surface in initial biopsies, but it must be remembered that these 
were taken only after cleaning the wound with soapy saline. 


Third degree, burns 

Biopsies were taken from early third degree bums only where 
there was clinical doubt as to the degree of injury. Their characteristic 
feature is the absence of all histologically normal epithelial elements 
save in some cases a deep sweat coil lying in the subcutaneous fat. 
The damage to the corium varies. Dermal papillse are still sometimes 
visible, though usually flattened, and the collagen is changed into 
a more or less homogeneous hyaline layer. In the deeper dermis the 
bundles of collagen are seen as broad hyalinised bands, widely 
separated, presumably by oedema. A change in the normal acidophilic 
reaction of the collagen is often marked. The tissues are notably 
avascular and there is no evidence of infiltration by polymorphs or 
lymphocytes (figs. 6 and 7). 


Healing of second degree burns 

This was studied by means of a few biopsies taken at intervals of 
from 3 to 12 days after injury (figs. 8-14). The findings confirm the 
fact that healing takes place from viable cells in hair follicles and 
sweat ducts ; there is no evidence in our material of participation by 
sebaceous glands or sweat coils. The mechanism consists in the 
formation of a solid vertical column of cells which pushes its way to 
the surface, where the cells spread out over and between the dermal 
papillse. The spreading cells, at first quite fiat and in a single layer 
(fig. 13), are closely applied to the surface collagen and appear to 
work tlieir way under any inflammatory exudate that is present. 
In some sections, however, the apposition of epithelium and dermis 
is unsuccessful and results in small masses of epithelial cells lying 
detached in or on a purulent exudate. In the hair follicles it is of 
course the peripheral cells winch multiply, occasional mitotic figures 
being seen among them. A central solid core of epithelium results 
which gradually grows (or is pushed) to the surface. In the sweat 
ducts the first change is a metaplasia of the lining epithelium into 
angular squamous types which fill the lumen, forming a solid column 
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of cells arranged in a mosaic (figs. 9, 10 and 12). In both proliferating 
hair follicles and sweat ducts increase of cell size and nuclear hyper- 
chromatism are striking features. As the hollows between the dermal 
papilla become filled with epithelial cells there is a gradual change 
from a single layer of flat scales to more fleshy types two or more cells 
deep, until at length a stratified epithelium is again formed. The cells 
in the first stages are 'arranged rather loosely, but gradually become 
more closely knit. The fibrinous exudate covering an inflamed surface 
appears to act as a protective covering until epithelial cells have spread 
between it and the underlying papillse. Bacteria are always noted on 
the surface of this exudate and only occasionally between the fibrinous 
strands. Where infection is heavy the zones from above downwards 
are organisms, fibrin, leucocytes, but naturally these merge with each 
other in varying proportions (fig. 15). 


Healing of third degree bums 

These heal slowly from the edges over pre-formed granulation 
tissue. Very occasionally an isolated patch of epithelium appears 
on the granulating surface, presumably derived from some deep- 
seated source of viable epithelial cells. In general, these small areas, 
which are seen only in the milder grades, contribute little to the 
healing process, in contrast to the multifocal and rapid healing of 
second degree burns. 


Case reports 


Case i. Child with extensive blistered scalds. One' blister on the wrist, 
1 hi. in diamter, had ruptured, exposing a pink velvety surface. This area 
was chosen for study. Swabs taken after cleansing gave a growth of hjcmolytic 
streptococci. On the 2nd day an originally vosiculated area surrounding the 
wound was also raw and clinically infected, with a marked “ flare ” G mm. 
'ride, 2 mm. of it affecting the unbum t skin. The original wound was covered 
with thick fibrinopurulent exudate. Haemolytic streptococci were still present, 
hut biopsy showed proliferation of sweat ducts and hair follicles, with epithelial 
cells beginning to cover the denuded surface. Powdered sulphonamide was 
applied at this and subsequent dressings. By the 4th day the “ flare ** had 
largely faded and the “ bloom ” of new epithelium was just visible in areas 
not covered by exudate. Haemolytic streptococci were still present and Staph, 
oureiis now appeared. On the Gth day the wound was dry and scaling, although 
streptococci and scanty Staph, aureus were still present. By the 8th day the 
^ °und was healed. 


This was a 2nd degree bum healing rapidly despite the presence of strepto* 
cocci from a very early stage and later of Staph, aureus. Sulphanilaroide applied 
^nd day did not cause the disappearance of streptococci but may have 
educed their number. Epithelial regeneration had started prior to the use of 
the drug. 


Case n. Child with superficial bums of whole of left anterior thigh. After 
C faring, swabs gave a growth of Staph . albus. - Tho surface was raw and red, 
wa 1 P ur P um «t the periphery. Clinically a 2nd or early 3rd degree bum 
i suspected ; biopsies indicated a severe 2nd degree bum. Jelonet and 
pressure dressings were applied. On tho 2nd day swabs from tho lower thigh 
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gave a growth of Staph, albus, from the upper thigh a few hremolytic streptococci 
also. Biopsies showed sweat duct and hair follicle proliferation almost reaching 
the surface. On the 5th day only Staph, albus and Gram-negative diplococci 
grew. Epithelium could be seen beginning to cover the thigh, even the originally 
purpuric areas, while an area of the lower thigh, though healing, was partly 
covered by a thin purulent layer. 

This case represents the rather slower healing of a 2nd degree bum un- 
complicated by gross infection, the slowness being due probably to the more 
severe and therefore deeper injury to the epithelial elements. The hremolytic 
streptococci found on the 2qd day had disappeared by the 5th day without 
specific treatment : there was no clinical evidence of their presence at any time. 

Case III. Child with large scald on upper half of right thigh. The lower 
2 in. were clinically of 1st degree, the. remainder mainly of 2nd degree, but a 
small central area about 1 in. in diameter was pale and clinically of 3rd degree. 
The peripheral parts of the 2nd degree bum, after cleaning and mopping dry, 
showed a watery “ dew-drop ” type of exudation. The more central areas 
exuded more slowly, the exudate promptly coagulating. The pale 3rd degree 
zone remained dry. A biopsy from the middle of the peripheral portion showed 
a typical 2nd degree bum, one from the middle of the pale area was of 3rd 
degree. A swab gave no growth. Treatment : jelonet and pressure dressing. 

Four days after injury four gradations of healing could be distinguished : 
(1) 1st degree — healed with slight pigmentation ; (2) peripheral part of wound 
(of 2nd degree) covered by a thin layer of epithelium ; (3) more central but 
originally 2nd degree — punctate epithelialisation, i.c. regeneration less well 
advanced than in (2)y-. (4) 3rd degree — covered by a thin greyish-white slough. 
Swabs from central and peripheral zones gave profuse growth of Staph, aureus, 
and a biopsy showed all epithelial elements completely necrotic. 

By the 8th day all 2nd degree zones were equally well healed, leaving only 
the central area unhealed. Swabs from the central and peripheral areas yielded 
abundant Staph, aureus and hremolytic streptococci. Sulphanilamide powder 
was applied on this day and subsequently. On the 10th day the original 3rd 
degree area was outlined by a flare with some re-ulceration of the adjacent 
healed 2nd degree bum. A few buds of granulation tissue were showing through 
the slough. Staph, aureus and streptococci still grew on culture. By the 
18th day there was evidence of healing at the edges of the 3rd degree area. 
Culture gave B. proteus and Staph, aureus. On the 24th day the patient was 
discharged with a small unhealed area. Staph, aureus and hremolytic strepto- 
coccus were still present. 

This case is another example of slight and fairly severe 2nd degree bums 
healing in the presence of staphylococci and streptococci. It also shows that 
an infected 3rd degree area may become larger by ulceration of the surrounding 
2nd degree zone. 

Case IV. Adult with two separate bums of left shoulder and upper arm. 
The area over the shoulder consisted of a clinically 3rd degree central portion 
surrounded by a larger zone of probable 2nd degree. The bum on the arm 
was clinically 2nd degree. Biopsies were taken from : (1) the central pale area 
of the .shoulder bum — 3rd degree histologically ; (2) the peripheral zone of 
the shoulder bum — 2nd degree histologically ; (3) the centre of the arm burn 
2nd degree histologically. Swabs from both wounds showed Staph, albus only. 
On the 5t.h day the dressings were removed. Both 2nd degree areas showed a 
comparable degree of healing, epithelium covering the whole surface (confirmed 
by scrape biopsy). The original pale white area on the shoulder was covered 
by a thick slough. By the 12th day the whole wound was healed, apart from 
the original 3rd degree area, which was still covered by moist slough. 

Case V. Child with scalds of left thigh and leg and anterior aspect of right 
thigh. This last area was of severe 1st degree, showing a “ peau d orange 
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tio 11 — Healing 2nd degree bum (3rd da>) Section taken at edge of bum with 
normal epidermis to right Cells from the mouths of two s\v eat ducts are beginning 
to spread over the surface, which is covered bj a slight inflammatory exudate 
from which haemolytic streptococci wore recovered on this and on the 4th and 
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Fio 12 — High power view of sweat duct seen in fig 11 Note inflammatory in 
filtration H and E x 225 





5r ^ Healing 2n<I degree burn (2nd daj ) Part of hair follicle ^cen projecting above 
Oio surface and sending out epithelial cells over tlio dermis and ItcncatH an in 
flninmntorj exudate Pure grow th of h emolyttc streptococci recov ered on 1st doj 
«nd persisted throughout Healed in 8 days H and E X 120 
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appearance (fig. 1). The rest of the injury was moist and velvety red. A 
biopsy from the middle of the left thigh showed a typical 2nd degree injury. 
Swabs after cleansing gave a few colonies of Staph, albua. Jelonet and pressure 
dressings were applied. On the 2nd day punctate regeneration of epithelium was 
visible. This was confirmed by biopsy on the 3rd day, when there was an inflam- 
matory response over a large area of the leg and a swab showed a pure growth 
of haemolytic streptococci. A biopsy of the inflamed area showed a thin fibrinous 
exudate over the regenerating epithelium, with moderate polymorph infiltration 
and a few Gram-positive organisms on the surface of the fibrin. On the 4th 
day sulphonomides were applied and continued. On the Gth day the streptococci 
had disappeared, as had the inflammatory response, but Staph . aureus now 
appeared. Clinically, healing was everywhere equally advanced ; the strepto- 
cocci had had no apparent retarding action. On the 7th day an acute in- 
flammatory reaction was found in the upper port of the thigh, with a thick 
fibrinopurulent exudate over the regenerating epithelium and a surrounding 
“ flare ”, A biopsy showed exudate lying on recently regenerated epithelium. 
There were masses of Gram-positive cocci on the surface. Below this came a 
layer of fibrin, with small numbers of polymorphs ; this gradually gave place 
to large numbers of polymorphs, and scanty fibrin. The epithelium, which 
was in an advanced stage of healing, was infiltrated by polymorphs and the 
dermic papillre showed marked congestion, cedoma and polymorph infiltration. 
A swab from this area yielded Staph . aureus , Pa. pyocyanea and diphtheroids. 
By the 9th day retrogression of the inflammatory response was evident. By 
the 11th day all areas had healed, though Staph, aureus was still recovered. 

This case illustrates the inflammatory response which occurs over healing 
epithelium, due to streptococci and, at a later stage, to Staph, aureus. These 
infections did not have any marked delaying action on epithelial regeneration. 

Case VI. Child with scalds (due to tea) affecting the left arm and left side 
of the face and neck. 

Arm. The surface was raw, red and weeping except for certain portions 
having a thin dry tan due to the tea. Swabs after cleansing gave nd growth. 
A biopsy from the central most severely burnt area showed a 3rd degree burn. 
The burnt Burface on the 1st day after injury showed marked purpuric mottling 
and swabs gave Staph, aureus on culture. On the 2nd day there was an 
appearance of early punctate epithelial regeneration at the periphery but no 
biopsy was done to confirm this. By the 3rd day inflammatory changes were 
striking, with a surrounding “ flare ” and pus under some of the tanned areas. 
Swabs gave a profuse growth of Staph, aureus. On the 4th day the inflammation 
was still marked, with ulceration at the margin : this process continued until 
the 8th day. Staph, aureus remained throughout and in addition hiemolytic 
streptococci were recovered on the 4th day, and on the 5th and Gth days B. coli 
ond Staph, albus as well. Healing took place slowly from the edge only and 
was not complete for several weeks ; that is to say no 2nd degree typo healing 
occurred, such 2nd degree injury as was present being destroyed by ulceration 
spreading from the central 3rd degree wound. 

Face and neck. Two areas were involved, tho larger on the face, the smaller 
on the neck, both typical 2nd degreo scalds, partly tanned by the tea. A swab 
after cleansing gave no growth. No biopsy was taken. On the 1st day a few 
colonies of Staph, aureus were recovered and subsequently tho growth became 
Kiore profuse, persisting until the 8th day. On the 3rd day there was a char- 
acteristic “ flare ” and fibrinopurulent covering of the bum. By the Gth day, 
uiflammation diminishing, there was evidence of epithelial regeneration at tho 
periphery : on this day and the next hremoljdic streptococci were recovered 
10 Edition to Staph, aureus. By the 7th day the inflammation had died down, 
revealing healed epithelium beneath. 

This case illustrates once more that 2nd degree injuries, here on tho face 
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and neck, may heal rapidly despite the presence of Staph, aureus and streptococci. 
The lesion on the arm, on the other hand, with a central 3rd degree area and a 
probable 2nd degree peripheral area, is an example of infection in a 3rd degree 
area spreading to 2nd degree areas and turning a' 2nd degree into a 3rd degree 
injury. 

Case VII. Boy, with extensive scaldB of left chest, axilla and anterior 
aspect of left arm, forearm and wrist. The axillary and peripheral part of 
the chest wounds and the wrist wound were clinically of 2nd degree, the 
remainder of 3rd degree; A biopsy from the centre of the arm confirmed the 
3rd degree nature of this lesion. Punctate epithelial regeneration was visible 
in the 2nd degree areas on the 2nd day, Staph, aureits, haemolytic streptococci 
and coliform bacilli being recovered on the 3rd day from both the 2nd and 
3rd degree areas. On the 4th day there was ulceration of a tongue of unbumt 
skin in the fold of the elbow extending from the arm burn. Sulphanilamide 
powder was applied. By the 8th day further spread of ulceration had stopped 
and healing was beginning. The 2nd degree burns were healed in some parts 
by the 10th and in others by the 12th day, Staph, aureus still being present in 
areas of the healing bum. The 3rd degree areas healed with considerable delay. 
Staph, aureus remained the dominant organism, haemolytic streptococci being 
found in profusion on only one occasion. 

Case VIII. Child with extensive bums. Areas on the trunk and right 
leg were clinically 2nd degree and healed as such. The left arm, which was 
clinically 3rd degree with a narrow peripheral zone of 2nd degree, was chosen 
for study. Swabs after cleansing yielded a few colonies of Staph, albus. Two 
biopsies were taken from the central part of the arm. One was 3rd degree, the 
other severe 2nd degree histologically. The dressings were first removed on 
the 8th day, when large areas of tough brown slough were seen. Healing 
appeared to be tailing place in the peripheral areas, and this was confirmed by 
finding epithelium in scrape biopsies. Swabs yielded haemolytic streptococci 
and a few colonies of Staph, aureus. On the 14th day the wound was examined 
again. The previously healing peripheral zone had broken down and the whole 
wound was covered by granulation tissue. A profuse growth of Staph, aureus 
and streptococci was obtained. Local sulphonamide treatment was commenced. 
Further detailed examination was not made, as no question of 2nd degree type 
healing appeared possible. It seemed probable that the 2nd degree zone was 
destroyed by ulceration extending outwards from the infected 3rd degree area. 

Case IX. Girl with extensive flame bums of both lower limbs. After 
cleansing, no organisms were recovered.. On both sides the central areas were 
of 3rd degree clinically, the peripheral zones of 2nd degree, the latter slightly 
purpuric and exuding serum. Biopsies were taken from the central areas 
of both thighs and from the peripheral zones. Histology confirmed the clinical 
appearances. The right leg was treated with sulphathiazole cream, the left 
with the jelonet. On the 5th day healing of the peripheral zones of both legs 
was confirmed by biopsy, which showed a thin epithelial covering on the 
surface. The central areas were mottled, dry and presumably composed of a 
thin dry slough. Swabs from all areas gave a profuse growth of coliforms and 
diphtheroids. By the 12th day the peripheral areas were well healed, but the 
central 3rd degree areas were covered by sloughs, with thick pus beneath them. 
Swabs yielded Staph, aureus and coliforms. Staph, aureus was more profuse on 
the left side, which had not been treated with sulphathiazole. Healing occurred 
slowly from the edges of the healed 2nd degree zones over the 3rd degree areas, 
with the usual scarring. 

In this case there was healing of the 2nd degree areas, with typical slow 
healing of those of 3rd degree, with, however, no apparent re-ulceration of the 

2nd degree zone. f 

Case X. Child with scalds affecting both feet and left leg, clinically 
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Histology or iilaling burns 



Fio 14 — Healing 2nd degreo burn (3rd day), taken from the same site as fig 3 
Infected with a variety of organisms including B, coli and also h.cmoljtic strepto 



HISTOLOGY OF SEALING BURNS 


59 


varying degree but probably mainly 2nd. The left leg and foot being the more 
severely affected -were observed alone at first ; subsequently both feet were 
studied. A biopay from the centre of the dorsum of the left foot, probably the 
most severely affected part, showed a typical 2nd degree appearance. Swabs 
showed no growth. Treatment was started with oiled silk bags and irrigation 
with hypochlorite^ The treatment therefore differs from that used in the 
previous cases. 

Left leg and foot. On the 2nd day a “ flare ” was evident round the wound 
on the dorsum of the foot. On the 4th day Staph, aureus was recovered. On 
the 6th day the child’s condition had deteriorated, signs of pulmonary infection 
appeared and the local inflammatory changes in the foot persisted. Swabs 
taken from three arena in the wound all grew Staph, aureus and haemolytic 
streptococci. A biopsy from the wound on the outer side of the leg showed 
suppuration -in and destruction of hair follicles and sweat ducts which had 
almost certainly survived the original scald. A biopsy from the dorsum of the 
foot showed exposed corium, with cocci on the surface, and no viable epithelium. 
There was an absence of the usual covering of fibrinopurulent material found 
in other cases in this series. * 

The right foot was examined at the 'same time and sloughs were found on 
the sole of the foot. Pus could be squeezed from the open mouths of hair 
follicles on the dorsum, the surface of which showed little inflammatory reaction 
and no fibrinopurulent covering ; there was no evidence of epithelial regenera- 
tion. A swab yielded Staph . aureus. 

Sulphathiazole was given by mouth but on the 7th day, because of con- 
tinued deterioration of the child’s condition, treatment was changed to include 
local sulphanilamide and jelonet. Death occurred on the 9th day. Post mortem, 
there were multiple tiny lung abscesses from which haemolytic streptococci were 
recovered. This organism was also recovered from the splenic pulp. 

This is the only case in our series in which a proved 2nd degree scald of large 
area was converted to one of 3rd degree. 


Discussion 

In spite of the usual precautions in exposing burns for examination, 
ah but two out of fifteen investigated showed the presence of liremolytic 
streptococci or Staphylococcus aureus at some stage, while in nine 
both organisms were present. Other associated bacteria included 
Staph. albus, diphtheroids, B. proleus , Ps. pyocyanea, B. coli and 
Gram-negative diplococci. 

Bodenham and others have noted such organisms apparently 
behaving as harmless residents. This we found' to be true of genuine 
degree burns only, where healing could occur in the presence of 
hemolytic streptococci and Staph, aureus and without appreciable 
e .^* 3rd degree bums, on the other hand, pathogenic organisms 
W ora behaved as innocent residents. 

n a typical 2nd degree bum epithelial regeneration was evident 
? be naked eye within 48 hours. The surface, when not unduly 
^soured by exudate, showed numerous slightly raised small dots 
°* pm-head ' “ 


size, probably around hair follicles. By the fourth or 


. — ‘“*'■’1 piui 

to • ^ e P^helial covering was continuous. It dried on exposure 
‘ llr an d had the appearance of a thin varnish. At first the colour 
s red to pink, but during succeeding days the area became paler 
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and more opaque, approaching the tint and appearance of normal 
skin. Naturally it was difficult to say exactly when complete healing 
had occurred, but in general a 2nd degree bum could be considered 
as clinically healed in 7-12 days, so that further dressings were 
unnecessary. 

Great variations were observed in the character of the inflammatory 
response. In the protocols we frequently refer to the presence of a 
" flare This measured up to 1 cm. in breadth and affected the 
margin of the bum as well as the adjacent unbumt skin. This 
“ flare ” lasted for 24-48 hours and was seen in approximately 60 per 
cent, of the cases. It may well be that this is what others have 
called burn erysipelas and possibly it represents a limited lymphangitis 
with congestion and cedema : we did not investigate it histologically. 

Another interesting response was that which occurred on the 
surface of healing 2nd degree bums which had become infected with 
haemolytic streptococci or Stapli. aureus. The surface exudate which 
formed gave the impression that the new-formed epithelium was 
being destroyed. From the limited biopsy material obtained from 
such sites, however, we found that the underlying epithelium was 
still intact and that the effect of the exudation from the vessels of 
the dermis was to remove the organisms as far as possible from the 
proliferating epithelium. The latest time at which we observed this 
inflammatory reaction was the 7th day. On the other hand we not 
infrequently recovered Staph, aureus from almost healed 2nd degree 
burns which in themselves showed little or no reaction, though pustules 
occurred in the hair follicles of surrounding unbumt skin. In heavily 
infected 3rd degree hums the inflammatory reaction on occasion 
spread directly to unbumt skin, resulting in spreading ulceration of 
varying severity. This could occur also where 3rd degree areas were 
surrounded by 2nd degree zones, bringing about the conversion of a 
2nd degree zone to that of a 3rd degree. 

Summary 

1. A small series of 2nd and early 3rd degree bums has been 
examined in detail, using the method of biopsy to assess the extent 
of the initial injury and to determine the mode of healing. 

2. Epithelialisation of 2nd degree bums takes place multifocatly 
from the viable epithelial cells lining sweat dnets and hair root follicles. 
There appears to be no latent period in this process. 

3. In pure 2nd degree bums healing can occur in the presence of 
hfemolytic streptococci and Staphylococcus aureus, singly or together, 
with little if any retardation. 

4. In mixed 2nd and 3rd degree bums, if infection becomes 
established in 3rd degree areas, healing of neighbouring 2nd degree 
areas is frequently delayed. 
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OE WOUNDS, WITH SPECIAL REFERENCE TO 
THE ACTION OF HEART EXTRACT POWDER 
(DOLJANSKI) * 

J. S. Young, A. H. Cruickshank 

Department of Pathology, University of Aberdeen 
and 

' W. J. Martin 

Statistical Staff, Medical Research Council 

(Plates VHl and IX) 

An indolent wound is always a vexatious problem, but in times of 
war it acquires an immediate importance to be measured only by 
the wastage of man power for which it is responsible. Inevitably, 
therefore, the problem is tackled with a new zest when the shooting 
begins — and it is not an easy problem to tackle. In recent articles 
Kerr and Werner (1944-45) and Wemer (1944-45) have reported a 
series of eighty indolent wounds, bums or ulcers which they had 
treated by the local application of a certain heart extract powder 
(H.E.P.) prepared for them by Doljanski and his colleagues (Wemer 
and Doljanski, 1942). Their results were conspicuously successful, 
being marred by only seven failures. Such success is important 
enough in itself as a therapeutic achievement, but it possesses far 
wider biological implications if Kerr and Werner are right in their 
conclusion that H.E.P. promotes the healing of indolent wounds 
in virtue of its capacity to promote the growth of fibroblasts and 
epithelial cells in vitro. 

Tlie issues, both scientific and practical, arc so important that we 
bare carried out a series of experiments in rabbits and guinea-pigs, 
feigned, so far as possible, to test the biological effects of H.E.P. in 
relation to the processes of healing of healthy wounds. 

Technical procedures 
The experimental wounds 

These were cut, under nembutal and other nntestheeia, to o gentian violet 
circular template 17*5 mm. in diameter, with ns much uniformity as possible 

i, .. This work was undertaken at tlio request of the War Wounds Committee of the 
icatcnl Research Council, with tho aid of an expenses grant from the Council for the 
purchaso and maintenance of animals. 
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in respect of area, depth, distribution and every other technical detail and 
always with sterilised instruments. The hacks of the animals were closely 
clipped with scissors, the skin « sterilised ” with 1 per cent. paraehlormetaxylenol 
m , 50 P er cent : spirit and painted generously with “ Portex plastic skin” to 
minimise the risk of infection. Bleeding was usually moderate or slight. The 
wounds were paired symmetrically (fig. l), and the site of the experimental 
and control wounds rotated from one animal to the next in 
every experiment, because rabbit wounds on the anterior half 
of the back heal more rapidly than those on the posterior half. 
Charts of the wounds were prepared from cellophane tracings 
as described by Young et al. (1941). In the statistical 
analysis, the average of two measurements taken on the 2nd 
and 3rd days after wounding was used. In every experiment 
the mean size of wound was in close agreement, although there 
was always a fairly large scatter. Septie and non-healing 
wounds were omitted. For wounds that regressed, the period 
until final closure was taken as the length of time to heal. 

There is one important respect in which our experimental 
procedure departed from the technique enjoined by Kerr and 
Pig. 1. — Bistribu- Werner in their treatment of indolent wounds in man , namely 
tioa of wounds daily or alternate daily dressing. We have dusted our wounds 
to scale. twice only during the “ latent phase ”, as follows. When 

all bleeding had been arrested the wounds were dusted 
liberally with heart extract powder (vide infra) or embryo extract powder (vide 
infra ) as the case might be — approximately 25 mg. of powder to each wound 
(mean area 300 sq. mm. or thereby). The wounds were then allowed to dry 
without any dressing, and to form a scab. Forty-eight hours later the edges 
of all wounds, including the untreated controls, were broken by pulling on the 
adjacent skin, and the experimental wounds were again dusted as before, each 
with its appropriate powder. Thenceforth, healing was allowed to proceed 
under a reconstituted scab without further interference. In our opinion there 
are four sound reasons for this modification of Kerr end Werner’s technique, 
having regard to the aims of our investigation: (1) our experimental wounds 
are healthy wounds possessing a natural disposition to heal ; they do not need 
a daily or alternate daily stimulus to mend as indolent wounds are said to do ; 
(2) H.E.P., applied as we have described and incorporated in the primary 
scab, persists in the floor of the wonnd for upwards of twenty -five days ; (3) 
daily moist dressing of animal wounds causes a steep rise in the incidence of 
sepsis ; and (4) it is useless to apply the powder to the surface of a dry 
wound which is already covered with a scab. 



Heart extract powder (H.E.P.) and embryo extract powder ( E.E.P .) 

If it had been possible, we should have preferred to test a heart extract 
powder prepared by Doljanski and his colleagues and certified to be biologically 
active in promoting cell growth in vitro, such as Kerr and Werner used in their 
successful treatment of indolent wounds in man, but wo were disappointed in 
our hopes of obtaining this. A certain large sample of Doljanski’s own H.E.P. 
was sent to this country early in 1944 to be tested experimentally on healthy 
wounds and clinically on indolent wounds, but it was almost immediately 
declared bv him to be inert — presumably on the basis of in-vitro tests. Therefore, 
our experiments have been made with a heart extract powder kindly prepared 
for ua by Dr J. K. Davidson in strict accordance with Doljanski’s written 
instructions (private communication, 7.2.1944). We are authorised by 
Dr Davidson to say that his H.E.P. (sheep) possesses very poor growth- 
promoting capacity in vitro, whereas material prepared by bun m the same 
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way from sheep embryo pulp (E.E.P.) possesses this capacity in 'very considerable 
measure (Davidson and Waymouth, 1945). These two powders were prepared 
from adult sheep heart and whole sheep embryo respectively, in exactly the 
same way, namely by extracting the minced tissue with saline solution, adding 
alcohol to the extract and collecting and drying the precipitate so formed. 

' Dr Davidson provided two samples of H.E.P., “ A ” and “ B Sample 
“ A ” (like the whole sheep embryo extract) was prepared by precipitating a 
saline extract of adult sheep heart with four volumes of 96 per cent, alcohol 
in accordance with Doljanski’s instructions ; the effects of this sample were 
matched with those of E.E.P. on healthy wounds in the first experiment of 
our series and the progress of healing of healthy wounds, some treated with 
H.E.P., others with E.E.P., was matched with that of untreated control wounds 
in our second and third experiments. In all the subsequent experiments, 
sample “ B ” was used ; it was prepared by precipitating a saline extract of 
adult sheep heart with two parts of 96 per cent, alcohol (Kerr and’ Werner). 
There seems to be no significant difference between the two extracts, “ A ” 
and “ B ”, either chemically or biologically, and none has been suggested at 
any time by Doljanski and his colleagues. Both samples of H.E.P., which 
were kept in the ice-chest when not in use, were tested bacteriologically at 
intervals and proved to be sterile on all occasions. 


Experimental observations 

Expt. 1. Two rabbits only, flemish giants of same strain, x 6 wounds each : 
3 treated with H.E.P., 3 with E.E.P. 

Result. This pilot experiment revealed no significant difference 
in the effect of H.E.P. and E.E.P. on the rate of healing of healthy 
wounds. A slight disparity in the rate of healing up to the 20th 
day, with the advantage to the E.E.P. in both rabbits, seemed 
to warrant the malting of experiments with H.E.P. and E.E.P. side 
hy side in the same rabbit, together with untreated controls, dis- 
counting any minor constitutional effects of the powdered extracts. 

Expt. 2. Twelve rabbits, all chinchillas of same strain, X 6 wounds each : 
2 treated with H.E.P., 2 with E.E.P. ; 2 untreated controls. One rabbit died 
10 minutes after wounding. 

Object. To compare the effects of H.E.P. and E.E.P. on the rate of healing 
of healthy wounds in tho presence of untreated control wounds. 

Expt. 3. Twelve rabbits, all flemish giants of same strain, x6 wounds 
each : 2 treated with H.E.P., 2 with E.E.P. ; 2 untreated controls. Two rabbits 
died shortly after wounding. 

Object, Bepetition of expt. 2. 

I The results of these two experiments are summarised in table I. 


Summary of conclusions [expts. 2 and 3 combined) 

H.E.P. has a definite retarding effect on the rate of healing of 
healthy wounds unless, perhaps, it exercises a constitutional stimulat- 
es effect on the healing of other wounds in the same animal, which 
is more potent than its local stimulating effect when applied directly 
wound or wounds (Auerbach and Doljanski, 1945 : vide expt. 4 

Joints. or fatb — toIm Lvra E 

\ 
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The wounds treated with E.E.P. took longer to heal, on the average, 
than the untreated controls, but for expts. 2 and 3 separately the 
difference was below the level of significance. If the two experiments 
are combined the difference is statistically significant. 

.Table I 


Local effects of heart extract powder and embryo extract powder 
on rate of healing of wounds 



| Experiment 2 

. * f 

Experiment 3 




Untreated 

controls 



Untreated 

controls 

No. of wounds 

22 

22 

22 

20 

20 

20 

Mean area (sq. mm.) 

294 

293 

301 

323 

328 

326 

Standard deviation 

38-8 

43-2 

49-3 

54-2 

48‘3 

i 

67-1 

1 

Healing o! wounds 

No. of wounds 

21 

22 

21 

18 

17 

17 

Mean number of days to 

28-33 

26-86 

24-24 

28-89 

28-18 

26-47 

heal 








Biff. 

t 

E 

Diff. 

t 

V 

H.E.P.-controls 

4-09 

3-690 

<•01 

2-42 

2-107 

-05>P>-02 

E.E.P. -controls 

2-62 

1-661 

-l>P>-05 

1-71 

1-442 

•2 >P>-1 

H.E.P. -E.E.P. 

1-47 

0-861 

-4>P>-3 

0-71 

0-713 

•5 >P>-4 


The average healing time was slightly but not significantly greater 
for H.E.P. than for E.E.P. 

There is no indication that an agent such as E.E.P., which has 
been proved to promote actively the growth of fibroblasts and other 
cells in vitro, mil ipso facto stimulate the growth of fibroblasts and other 
cells in vivo in such a manner as to accelerate the processes of healing 
of a healthy wound. In fact, within the limits of our experimental 
procedures, a healthy wound heals more promptly when it is not 
treated with such a substance. 


Expt. 4. Twenty rabbits, all chinchillas of same strain, namely 5 rabbits 
X6 wounds, all treated with H.E.P.; 6 rabbits x6 wounds, all untreated ; 
10 rabbits X 0 wounds, 3 treated with H.E.P. and 3 untreated. 

Object, To test whether H.E.P. locally applied to three wounds exercises 
any constitutional effect on the rate of healing of three other untreated wounds 
in the same animal. The progress of healing of the wounds according to their 
treatment is shown in table H. 


The untreated wounds had for each set a significantly lower average 
time of healing than the wounds treated with H.E.P. Hence, expt. 4 
confirms the finding of expts. 2 and 3, namely that the local applica- 
tion of H.E.P. retards the healing of healthy wounds. 

Table III shows that when expts. 1-4 are combined, the differences 

are again significant. 
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Table II 

Constitutional and local effects of heart extract ponder 
on rate of healing of wounds 



10 rabbits x 6 wounds of which 
^ wero treated with HEP and 

3 untreated 

5 rabbits x0 
wounds all 
untreated 



HEP Untreated 

experimental experimental 

Untreated 

controls 


No of wounds 
Mean area (sq mm ) 
Standard deviation 


Healing of wounds 

No of wounds 

Mean number of days to heal 

30 

28 73 ±0 62 

25 

30 76±0 90 

27 

25 22±0 78 

28 

26 25 ±0 65 


1 Constitutional effect of H E P on rate of healing 


Difference 

Untreated controls untreated experimental 1 03 ±1 01 

HEP experimental HEP controls 2 03^:1 14 

Neither of these two differences is significant Hence it follows that HEP oxercises 
no constitutional effect on the rate of healing of healthy wounds 


* 2 Local effect of H E P on rate of healing 

HEP controls untreated controls 

HEP experimental untreated experimental 

All rabbits Wounds treated with HEP untreated wounds 


Difference 

2 48 ±0 90 
6 54±1 24 

3 91±0 76 


Three of the five unhealed wounds in the HEP experimental genes and ono of 
the two unhealed wounds in the untreated control senes developed abscesses Iho 
arrest of healing of tho remaining six wounds could not bo satisfactorily oxplamed 
infection was suspected but bacteriological examination was inconclusu e 


Table Hr 

Local effect of heart extract ponder and embryo extract powder 
on rale of healing of wounds 


Expts 1, 2, 3 and 4 combined 
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Expt. 5. Six white guinea-pigs of same strain: 3X2 primary wounds 
treated with H.E.P. (“sensitised ”) ; 3x2 primary wounds untreated (“non- 
sensitised”); all x2 secondary wounds after an interval of 13 days: all 
secondary wounds treated with H.E.P. 

Object, To test whether H.E.P. applied locally to wounds is anaphy- 
lactogenic. 

Theoretical principles of experiment. This experiment does not 
conform to the classical design for the study of the phenomena of 
anaphylaxis, hut it is a legitimate adaptation of that design to test a 
suggestion by Werner (p. 519), that H.E.P. applied locally to human 
wounds is anaphylactogenic “ so that the individual treated responded 
with a form of anapliylactic shock The guinea-pig was chosen as 
the experimental animal on account of its sensitivity to anaphy- 
lactogens. The .ratio of the area of our experimental wounds to the 
total surface area of the guinea-pig was approximately 1 : 80, i.e. 
roughly equivalent to a wound or wounds amounting to 38 sq. inches 
in an average man. Accordingly, it might reasonably be expected 
that, even if H.E.P. were only feebly anaphylactogenic, some risible 
reaction should be apparent in and around a second generation of 
wounds made at an interval of 13 or 14 days after the primary wounds 
if both primary and secondary wounds were liberally dusted with 
H.E.P. Conceivably this reaction might be expressed by an acclera- 
tion of the rate of healing of the secondary wounds. 

Result. In tins pilot experiment, the difference between the 
mean healing time of the primary wounds of the “ sensitised ” group 
(treated with H.E.P.) and those of the “ non-sensitised ” group 
(untreated) was significantly in favour of the untreated wounds, 
(difference = 8-5 days; t = 2-996; -02>P> -01). Thus H.E.P. 

seems to retard the processes of healing of healthy wounds in guinea- 
pigs as well as in rabbits. 

The difference between the mean healing time of the secondary 
wounds of the two groups (both treated with H.E.P.) was no greater 
than would be expected from mere chance (difference = 1*3 days ; 
t = 0-612 ; -6>P> -5). Hence, this small experiment would suggest 
that previous ''sensitisation” of a guinea-pig with H.E.P. has no 
effect on the rate of healing of a healthy wound, 

Expt. 6. 24 guinea-pigs of same (M.R.C.) strain : S X 2 primary wounds 

treated with H.E.P. (“ sensitised ; 8x2 primary wounds untreated (“ non- 
sensitised ”) ; 8x2 primary wounds untreated (control); all X2 secondary 
wounds after interval of 14 days. Secondary wounds of “ sensitised ' and 
“ non-sensitised ” groups treated with H.E.P. ; secondary wounds of control 
group untreated. 

Object. Repetition of expt. 5 with addition of- untreated control series. 

Remits. These are shown in table IV, 

Summary of observations and conclusions (expts. ’5 and 6) 

1. None of the guinea-pigs “ sensitised ” by a liberal application of 
H.E.P. to paired primary wounds died when the “ assaulting ” dose of 
H.E.P. was applied 13 or 14 days later to paired secondary wounds. 
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2 Neither erythema nor any other manifestation of tissue hyper 
sensitiveness, eg increased exudation of plasma with thickening of 
the scab, was apparent in or around the margins of the secondary 
wounds following the application of the “ assaulting ” dose of H E P, 
Table TV 


Effects of heart extract poivder on rate of healing of primary and 
secondary wounds %n guinea pigs 



8 sensitised guinea pigs 

8 non sensitised 

guinea pigs 

8 untreated controls 

No of wounds 

10 prim 


16 sec 

16 pram 


16 sec 

16 prim 


16 sec 

Treatment 

HEP 


HE.P 

None 


HEP 

None 

1 

None 

Mean area (eq 

300 

"O 

355 



362 




mm ) 










SD 

54 


65 

67 


35 

44 


40 


Hoaling of wounds 


2<o of wounds 
Mean number of 
days to heal 


10 
24 6 


13 
27 3 


16 
19 9 


16 
24 8 


16 
20 3 


16 
23 6 


Primary 

secondary 


Dlff t P 

2 7 1 618 2>P> 1 


nur 
4 9 


; 178 


p 

< 01 


Dlff t P 

3 3 2 159 05>P>02 



Primary wounds 

Secondary wounds 

* Sensitised ’ “ non sensitised ’ 

BUT 

4 7 

t 

4 06C 

V 

< 01 

Dlff 

2 5 

I 741 

p 

1>P> 05 

Sensitisod controls 

4 3 

3 824 


3 7 


1>P> 05 


A hitch occurred owing to withdrawal of sugar-beet pulp by “zoning ” of foodstuffs 
and substitution of bran mash on 14th day of healing of secondary wounds all animals 
lost weight up to 15 per cent ( sensitised ” group to least extent) before adjustment 
to now diet There was no evidence of sepsis in any of the wounds 


3 The rate of healing of the secondary wounds in the “ sensitised ” 
group was not acceleiated , on the contrary, it was slightly but not 
bigmficantly retarded as compared with the secondary wounds m the 

non sensitised ” and control groups 

4 These three observations preclude any suggestion that HEP 
applied locally to a relatively large wounded area, amounting 
approximately to 1 /80th of the body surface is a nap by lactogenic in 
the guinea pig , taken m conjunction with the results of expt 4 
(rabbit), they w ould indicate that HEP exercises no constitutional 
effect whatsoever in so far as the healing of healthy wounds is 
concerned 

5 The results of expts 5 and 0 with the guinea-pig reaffirm the 
conclusion reached in expts 2 4 with the rabbit that the local 
application of H E P to a healthy wound consistently retards the 
normal processes of healing 

Jocbx or rxnr — voi* ism e 2 
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Histological observations on the effects of heart extract powder and 

other agents on the healing of experimental wounds in the rabbit 

e " 

Tije unfailing consistency with which H.E.P. retarded the 
processes of healing of healthy wounds in the rabbit and guinea-pig 
seemed to predicate some alteration of tissue reaction which might 
be demonstrable microscopically. Hence it was decided to follow 
histologically the progress of healing of wounds treated with H.E.P. 

Expt. 7. Five rabbits, all chinchillas of the same strain, x G wounds ; 
3 treated as in previous experiments with H.E.P. and 3 untreated, rotating 
from rabbit to rabbit : rabbits lolled in series on 5th, 10th, 16th, 20th and 
25th days for histological sampling. 

Results. H.E.P. evokes a foreign-body giant cell reaction. This 
begins to manifest itself before the 5th day of experiment by a 
congregation of granulocytes and histiocytes around the particles of 
H.E.P., accompanied by a proliferation of fibroeytes. During the 
next ten days the foreign-body giant cells gradually take shape 
from the histiocytes immediately investing the particles, and by 
the 20tk day they are conspicuous. Their intimate relationslup to 
the H.E.P. particles is further emphasised by the fact that they can 
be seen “ nibbling ” the particles in precisely the same manner in 
which osteoclasts “ nibble ” lamina: of bone during lacunar absorption 
(fig. 2). 

Normally, the healing of a healthy experimental wound proceeds 
from beginning to end without trace of foreign-body giant cell reaction. 
Hence, it seems reasonable to deduce that H.E.P. retards the normal 
processes of healing of healthy experimental wounds by setting in 
motion an abnormal proliferative mechanism in which granulocytes, 
histiocytes, foreign-body giant cells and fibroeytes all participate. 

Hitherto, arising out of our experience of the retardation of healing 
of healthy animal wounds treated with H.E.P., we had been more 
and more perplexed by the conspicuous success achieved by Kerr 
and Werner in the treatment of indolent wounds in man by H.E.P.— 
assuming that their success was directly attributable to H.E.P. and 
not to any other factor. We are well aware that the gulf between 
an indolent wound in man and a health} 7 wound in a rabbit or guinea- 
pig is wide — so wide that it probably cannot be bridged by any 
experimental technique as }-et devised. Nevertheless, when the 
inertia of an indolent wound is .overcome, the cellular elements of 
repair are the same as in a healthy one, so that the ultimate problem 
of healing is likely to be indivisible. Therefore the histological dis- 
closure of an abnormal mechanism affecting histiocytes and fibroeytes 
in particular, actuated by H.E.P., suggested a possible explanation of 
the paradox that an agent which had been proved to retard the 
liealin" of healthy wounds might still initiate the healing of au 
indolent wound— provided that it were able to set the same abnormal 
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Plate VIII 
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Stimulation or wound healing 



Fig 2 — “ Lacunar absorption” of H E P particles 25th day x 150 
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mechanism in motion in an indolent wound in man as it does in a 
healthy wound in a rabbit. This question should readily be decided 
by a series of biopsies of indolent wounds in man before and after 
treatment with H.E.P. Meanwhile it can be approached from another 
angle, because H.E.P. is not the first substance to enjoy a vogue in 
the healing of indolent wounds in man. Scharlach R had a similar 
vogue about thirty years ago. It was introduced for this purpose 
by Schmieden (1908) as “ Scharlachsalbe ” — a saturated (8 per cent.) 
solution of Scharlach R (Griibler), i.e. toluol-azotoluolazo-/8-naphthol, 
solvent not stated. It was applied rather indiscriminately, it would 
appear, by many surgeons in Germany, Britain and elsewhere, often 
with the substitution of Sudan III (benzol-azobenzolazo-jS-naphthol) 
for Scharlach R, and was claimed to be highly effective in promoting 
the healing of indolent wounds in man and in improving the “ take ” 
of skin grafts (Krajiia, 1908). 

Expt. a. Three rabbits, all flemish giants of the same strain, X 6 wounds ; 
2 treated with H.E.P., 2 with Sudan HI (C.I. no. 248 as supplied by G. T. Gurr) 
and 2 with kaolin ; killed in series on the 10th, 16th and 20th days. 

£*pt. 9. Six rabbits, all flemish giants of same strain, 6x6 wounds ; 
2 treated with Sudan III, 2 with Scharlach R (C.I. no. 268 as supplied by 
0. T. Gurr) and 2 untreated ; killed in series on 5th, 10th, 20th and 25th days : 
1X6 wounds, all untreated, killed on 20th day. 

Object. To compare the histological effects of H.E.P., Sudan HI and 
Scharlach Ron tho healing of healthy wounds in the presence of untreated control 
wounds in the same animal. 

Results. Sudan III and Scharlach R both evoke a foreign-body 
giant cell reaction (fig. 3) like H.E.P. ; the evolution of the giant 
cells proceeds part passu with all three substances. H.E.P. evokes 
a moderate papillary hyperplasia of the reparative epithelium (fig. 4), 
Sudan In a more vigorous reaction of the same kind (fig. 5), Scharlach 
R an exuberant but benign epithelial hyperplasia (fig. 6) as originally 
described by Pisoher (1906). 

Wounds treated with Sudan III and Scharlach R tend to lag 
behind untreated control Wounds in the same animal just as with 
H.E.P. 


COSBrENTARY 

Expressed briefly, four essential principles have been adduced by 
Ranald and liis colleagues to explain the alleged remarkable 
efficacy of H.E.P, in the healing of normal wounds in rats as well 
as of indolent wounds in man, 

' - "Extracts of certain adult organs — heart, smooth muscle and 
win activate . . . the growth of fibroblast colonies in vitro to a 
greater extent than embryonic extract of the same concentration ” 
' uor bac!i and Doljansld, 1944, p. 38). This claim is diametrically 
H’Posed to the finings of Trowell and Willmer (1939). So far as 
•b.P. itself is ’concerned, Davidson and Waymouth have reported 
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that it was inferior to powders prepared in the same way from embryo 
sheep heart and whole sheep embryo (E.E.P.) in five tests out of six ; 
it appeared to be more active in only one instance. 

2. The second principle re-states a suggestion first made by Carrel 
(1921 et ante) that substances which promote the growth of fibroblasts 
and other cells in vitro do, ipso facto, promote the growth of fibroblasts 
and other cells in vivo, as in a healing wound (Kerr and Werner). 
The results of our expts. 2 and 3 would indicate that there is no direct- 
correlation between the growth-promoting activity of a substance 
in vitro and in vivo inasmuch as a particular substance (E.E.P.), 
which was proved to possess very considerable growth-promoting 
activity in vitro, did not accelerate the healing of healthy wounds in 
the rabbit ; on the contrary, it retarded it. H.E.P., possessing very 
poor growth-promoting activity in vitro, retarded the healing of 
similar wounds to a greater extent than E.E.P. 

3. The third principle rests on a suggestion by Werner that H.E.P 
is anaphylactogenic in man. Our expts. 5 and 6 revealed no trace of 
anaphylactogenic activity in guinea-pigs. The only effect which we 
have been able to identify was a retardation of the healing of healthy 
wounds in the guinea-pig just as in the rabbit. 

4. The fourth principle, recently elaborated by Auerbach and 
Doljanski (1945) “envisages the possibility” that the stimulating 
effect of H.E.P. on wound healing is “ not local but of a general 
nature ” ; that is to say, H.E.P. functions as a “ wound hormone ” 
(Haberlandt, 1921) in a reasonably strict sense of the term. There 
are several strange anomalies in Auerbach and Doljansld’s experi- 
mental data but we shall mention only one. H.E.P. is only slightly 
soluble in normal saline or Tyrode. Nevertheless, when it was applied 
externally in an ointment (lanolin anhydrous) to single wounds of 
20 mm. diameter in rats, eight to ten times on alternate days, it 
produced a greater general effect in accelerating the healing of un- 
treated wounds in the same animals than 8-10 intraperitoneal injections 
of 1 c.c. of 33 per cent, saline extract of adult chicken heart, i.c. the 
saline extract from which the slightly soluble H.E.P. was prepared 
by precipitation with alcohol. 

The results of our expt. 4 would indicate that H.E.P. applied 
locally to three healthy wounds exercises no general effect whatsoever 
on the rate of healing of three other healthy (untreated) wounds in 
the same rabbits, while it retards the healing of those wounds to which 
it is directly applied. 

In the upshot, we are totally unable to reconcile our results^ with 
the second, third and fourth principles adduced by Doljanski and 
his colleagues,' and their first principle has already been challenged by 
experts in tissue culture technique. > 

Nevertheless, the salient fact remains that 73 of Kerr and Werner s 
series of indolent rounds healed, and sometimes speedily, under 
treatment with H.E.P.. while only 7- failed to heal. At least 03 of 
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Plate IX 


Stimulation of wound healing 
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margin of healing wound : 20th 
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their patients (and possibly more) liad been treated more or less 
intensively with sulphanilamide for prolonged but variable periods 
up to 270 days, and one (D.L. aged 27) would appear to have been 
suffering from sulphonamide poisoning at the time when sulphanil- 
amide was stopped and treatment with H.E.P. began. Mitchell 
(1944, p. 229) says that “ sulphanilamide and vaseline gauze must be 
one of the most misused materials in the whole realm of surgery, and 
one has seen cases with indolent ulceration and pale granulations 
where this dressing has been used continuously over periods of two 
or three months ”, It is most regrettable, therefore, that Kerr and 
Werner were unable to include a series of “ sulphonamide controls ” 
in their clinical experiment. Without strict control of antecedent 
treatment, an animal experiment comprising any number of wounds 
would rightly be regarded as null and void. In these circumstances, 
the claims of Scharlaeh R and Sudan III are certainly not inferior to 
those of H.E.P. in respeot of their ability to promote the healing of 
indolent wounds and the “ taking ” of skin grafts in man because they 
had their vogue before the issue was complicated by chemotherapy. 

If it is really true — and we cannot tell — that these totally dis- 
similar substances, a denatured protein and two fat-soluble azo dyes, 
can each promote the healing of indolent wounds in man, it becomes 
a reasonable working hypothesis that the peculiar biological reaction 
manifested to all three alike, namely a foreign-body giant cell reaction, 
is more significant than the nature of the reagent — and there is a 
wide variety of other agents, already known, which can evoke a 
foreign-body giant cell reaction in animal tissues. 

In conclusion, we have been informed through official channels 
that at least three long-suffering patients with indolent wounds have 
been treated in the Middle East with intramuscular injections of a 
certain water-soluble fraction of H.E.P. The rationale of this 
treatment is said to be a “ logical ” outcome of experimental and 
clinical observations by Doljanski et al., and by Kerr and Werner 
respectively. We are not impressed by the “ logic Indeed, on 
the evidence available, we would submit that an equally good — or 
perhaps a better — plea could be sustained for the parenteral injection 
of one or other of the azo dyes in the treatment of indolent wounds 
in man, even though one of us (Young, 1928) has shown that Sudan ni 
injected parenterally in high dosage can determine an acute cytolytic 
necrosis of the liver of the rabbit. 

Susqiaby 

The progress of healing has been followed in 462 experimental 
wounds in rabbits and guinea-pigs. 

Heart extract powder (adult sheep heart) and embryo extract 
powder (whole sheep embryo) applied directly to the surface of 
healthy wounds consistently retard the healing process. 



74 J. S. YOUNG, A. H. CRUIOKSHANK AND W. J. MARTIN 


There is no direct correlation between growth-promoting activity 
in vitro and in vivo in so far as the healing of healthjr wounds can he 
accepted as a criterion. 

H.E.P. exercises no general or constitutional effect on the rate of 
healing of healthy wounds, it is not anaphylactogenic in the experi- 
mental conditions cited and it does not influence either the onset or 
the progress of infection. 

Applied directly to the surface of a wound, H.E.P. evokes a non- 
specific foreign-body giant cell reaction similar to that evoked by 
two azo dyes — Scharlach R and Sudan III — which enjoyed a vogue 
some thirty years ago as stimulants to the healing of indolent wounds. 

Our thanks are due to Dr J. N. Davidson for the supply of materials, to 
Professor J. Cruickshanlc and Dr R. F. Menzies for many bacteriological examina- 
tions, to Mr Norman Mowat for his technical help at all stages of the experimental 
work, including the photography, and to Mr H. L. Thompson for his unremitting 
care of the animals. 
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•THE DIFFUSION OF ANTISEPTICS THROUGH 
AGAR GELS, WITH SPECIAL REFERENCE TO 
' THE AGAR CUP ASSAY METHOD OF ESTIMAT- 
ING THE ACTIVITY OF PENICILLIN 

I£. E. Cooper and D. Woodman 
Department of Preventive Medicine, University of Bristol 

Sinoe the Oxford workers (Abraham et al., 1941) suggested the agar 
cup assay method as a standard for the estimation of penicillin, great 
use of this method lias been made. Many modifications have been 
suggested (McKee et al., 1944; Foster and Woodruff, 1943, 1944; 
Schmidt and Moyer, 1944) and many details of technique have been 
found to influence the result. Attempts have also been made to 
apply the same technique to the evaluation of the action of other 
antiseptics, though it is evident that the size of the ring of inhibition 
of growth depends primarily not only on the antiseptic activity but 
also on the rate of diffusion of the antiseptic through the agar (Tobie 
and Ayres, 1944). 

The original published curve giving the relationship between the 
size of the ring and the concentration of penicillin placed in the cup 
is obviously not a simple one (Abraham et al.). The curves published 
by Schmidt and Moyer showing the effect of pre-incubation and 
pre-refrigeration emphasise still further the complicated nature of 
the relationship. On the other hand the rates of diffusion of proteins, 
•lyes, etc., through water and gels havo been investigated and theo- 
retical formula! used with considerable success in recent years. A 
valuable review of the work done since the publication of Svedberg’s 
monograph, “ The ultracentrifuge ”, lias been made by Neurath 
( 1942 ). 

In order to determine if the diffusion of antiseptics through nutrient 
°gar could be represented by such theoretical formula! and how this 
diffusion and the antiseptic action combined to produce the relation- 
ships found in the agar cup assay method, we have chosen first to 
examine its application to a coloured antiseptic. By this choice we 
have been able to follow diffusion because of the colour and to relate 
this with the zone of inhibition due to antiseptic action in a way 
that is not possible with colourless penicillin. Having thus found 
a theoretical formula whose constants wo are able to measure, we 
76 
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have applied analogous formulae to curves for penicillin. By choosing 
suitable constants for penicillin we have been able to calculate curves 
which fit within the limits of experimental error. The applicability- 
of such formula! explains the influence of some of the most important 
technical factors which modify the experimental results. 

In a paper entitled “ The diffusion coefficients of molecules and 
ions from measurements of undisturbed diffusion in a stationary 
medium ” Eversole and Doughty (1935) give the formula for the 
diffusion of neutral particles of a substance with a concentration 
tn 0 placed in a cylindrical tube adjacent to a column of pure water. 
If the concentration at a distance z from the junction of the solution 
and the water after a time t is in', and the diffusion coefficient of the 
^olute is given by D, the relationship is given by : — 


— ~CC^ 

m' ~m Q e or In m 0 —ln in' 


l~ x 2 
4 D 7 


• (1) 


dc 


D is the constant in the well known differential equation — = D 


U 


d 2 C 

W 


which defines D as the amount of solute which would diffuse across 
unit area under a concentration gradient of unity in unit time if 
the rate were constant during that time (Lewis, 1918). For spherical 


molecules of radius r in a solvent of viscosity i) it is given by D = 

where R is the gas constant, N is Avogadro’s number and T the 
absolute temperature. 

It follows that D varies with the absolute temperature and 
viscosity according to the equation 


^ ( > _ , (2) 

A, ^2 Vi 


For the motion of charged particles a correction for the influence of 
potential gradient is given, but Lehner and Smith (1936) point out that 
in the case of dye ions diffusing into water the presence of a few 
equivalents of sodium chloride in solution prevents the development 
of a potential gradient. The formula for neutral particles can thus 
be applied even to ionised dyes. 

Nutrient agar media usually contain l-l per cent, of salt and. 
as the dilution of the antiseptic causing inhibition of growth is much 
below this, the conditions of assay would suggest that formula (1) 
should be applicable. The solute is of course an agar gel instead of 
pure water, but although the value of D will be expected to be 
considerably reduced by increasing concentrations of agar, the 
formula can still be applied. The antiseptic must not of course le 
precipitated by any constituent of the medium. 
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Crystal violet 

Formula (1) may be rewritten with logarithms to the base ten as : — 
4D 2-30 (log m 0 — log m ') = 

, We decided to test its applicability to a solution of crystal violet 
diffusing into 2b per cent, agar containing meat extract, 1 per cent, 
peptoue and b per cent, salt adjusted to pH 7-6 — our stock nutrient 
medium. The results at room temperature are shown in fig. 1, 
obtained by placing a few ml. of 1 : 500 crystal violet on the top of 



Fro. 1 . — Diffusion of crystal violet in per cent, nutrient ngnr in cylindrical tubes 
nt 10“ C. 

fll, = 2 X 10- 1 »' = 2x10-' 

D = 0-109 mm, s /hr. log m 0 — log m' = } 7 , -— . X — 

cylindrical tubes of the medium and measuring the rate of movement 
of the coloured edge corresponding to a tube containing 1 : 500,000 
crystal violot. Log ro 0 — Log m' = 3 and x-jt is a straight line which 
gives D = 3-0 x 10' 7 cm. 2 /see. =0-109 mm. 2 /hr. The experimental 
results agree well with this except for a slight lag during the first 
few hours, probably due to the movement of salts and water between 
the solution and the agar. The exact value of x becomes more difficult 
*° determine when it becomes large, but by reading a value of x 
definitely above and another below the 1 : 500,000 value of in' and 
averaging the result it is still possible to make reasonably accurate 
readings even after 14 days (fig. 11. 
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Can these results be applied to circular plates as well as cylindrical 
tubes ? The distance x will correspond to the distance from the edge 
of the cup to the edge of the coloured ring. (The diameter of the 
ring, which is the value plotted in most published papers, equals 
2x+d, where d — diameter of the cup.) The dye, instead of diffusing 
out through a constant cross-sectional area, will he spreading through 
an increasing area proportional to the circumference of the ring. 
This will affect not only the concentration at each point but the 
concentration gradient. During the early hours of diffusion the 
concentration gradient at the edge of the ring is very steep — several 
hundred-fold dilution in a few mm. — and the correction appears to bo 
of no practical importance. We have followed the coloured edge of 



Fig. 2. — Diffusion of crystal violet in agar plates at 15° C. 
Concentration at edge of visiblo colour — m* — 8x H>' 6 

D = 0-109 mm. l /hr. 


the ring of diffusing dye and plotted x 2 jt for up to two days without 
detecting any certain deviation from the straight line. After this 
period the colour in normal thin agar plates becomes too diffuse to 
allow the position of the edge to be read accurately. (The value 
m' is given by the least concentration of crystal violet visible in a 
plate of the thickness used in this case.) Fig. 2 shows the variation 
of x with t for three different concentrations in the cup, using the 
same value of D as found by the cylindrical tube method. 

Saving determined the applicability of the formula to the diffusion 
of the dye from the cup to the agar in a plate, the dye concentration 
at any distance from the cup at any time can be calculated for any 
concentration in the cup. What is the concentration time relationship 
at the edge of the zone of inhibition of Staphylococcus aureus by 
crvstal violet ? Beyond this, the staphylococcus has produced visible 
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growth before an inhibitory concentration of dye has reached it ; 
within this zone, inhibition started before growth was sufficiently 
advanced to be visible. There is plainly a'critical time after inoculation 
dividing these two conditions. When the concentration gradient at 
the edge of the inhibited zone is steep (i.e. ro 0 is many times the value 
of in', which is now the minimum inhibitory concentration) the edge 
will be sharp, but if the concentration gradient is more gentle (when 
7% approaches to') the ledge will be gradual, from no growth on the 
inside, through step-like increases of growth, to full uninhibited growth 
on the outside. 

Using values of m 0 many times greater than the inhibitory 
concentration, we first investigated the effect of incubating the plate, 
inoculated with staphylococcus, for varying lengths of time before 
the dye was added to the cup. With 0-4 per cent, crystal violet 
added after 3 hours’ incubation the zone of inhibition, though some- 
what narrower than that produced by immediate addition of the 
dye, was sharply defined. When added 6 hours after, the edge was 
diffuse, and when the dye was not added till 9 hours after, some 
growth was visible up to the edge of the eup. Addition after 12 hours 
showed no difference from a plate without the addition of antiseptic. 
The critical time was from fi to 10 hours, with 8 hours as the most 
probable value. The size of the zones of inhibition resulting from 
adding crystal violet immediately after inoculation should therefore 
bo given by : — 


• log m 0 = 


1 , , 

— — +log TO , 

4D2-30 8 0 


where m 0 is the concentration in the cup, "and to' the concentration 
which only just inhibits growth. If x is measured in millimetres, the 
value of D must be expressed in mm. 2 /lir. at 37° 0. If cl is the 
diameter of the cup, the diameter of the zone of inhibition = 2x-\-d. 
Fig. 3 shows the calculated curve with D = 0-30 mm. 2 /hr. — the result 
for surface-inoculated plates. A repetition with poured inoculated 
plates gave a value of D = 0-23 mm. 2 /hr. This value for D should 
ho compared with the value obtained by correcting the formerly 
determined figure at room temperature to 37° by formula (2), assuming 
that for water can be used for the change in viscosity with 

temperature for the solute. This correction gives D = 0-19 mm. 2 / hr. 
The experimentally determined values of x for a wide range of values 
of are shown and agree very well with the curve. The value of 
D depends on the composition of the batch of medium used, especially 
with regard to the percentage of agar and its pre-treatment. The 
value of in’ used is somewhat greater than the inlnbitory concentration 
of crystal violet found in liquid media. This is not unexpected, if 
d is realised that the antiseptic must be absorbed from the agar into 
ihe growing colonies and is not brought to the organism by convection 
currents as it is in a liquid medium. The inhibitory concentration 
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varies to some extent with the size of the inoculum. Moreover the 
cuives are calculated on the assumption that the concentration in the 
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5 Fig. 3.— Crystal violet inhibition of Staph, aureus. 

D = 0-30 mm.'fta-. 
t = 8 

log J7i„ = 0-045 X-+7-T0 

cup remains constant for some hours (up to 8). With low concentra- 
tions in the cup, the antiseptic will be more rapidly exhausted and 
the effective value of m 0 and m' reduced accordingly. 


. Penicillin 

Having found the applicability of formula (1) to the results of 
the assay method for crystal violet, the possibility of applying it to 
explain the published results for penicillin was tested. The value to 
be assigned to the three symbols t, in’ and D must be determined for 
the conditions of the assay. 

The value of t, as we have seen in the crystal violet experiments, is 
determined by the maximum amount of incubation of the staphylo- 
coccus which can be permitted if inhibition of growth is still capable 
of being detected. As this is determined previously by the rate of 
growth of the staphylococcus on the untreated plates, we expected 
the value to be the same as previously found, i.e. S hours. That this 
supposition was approximately correct is indicated by the results 
of Schmidt and Moyer, who give a series of curves for the zone 
diameters after incubating inoculated plates (for drying purposes) 
before adding the penicillin. The curve for 7 hours has zones only 
3-4 mm. wide around the cup, and it is evident from these graphs 
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that a period of 8-9 hours would lead to their' complete absence. 
Any factor affecting the rate of growth of the staphylococcus or the 
length of the lag period before growth proceeds will of course affect 
this value for l. 

The value of m' is given by the intersection of the standard 
penicillin curve with the concentration axis. Analogous to our results 
with crystal violet, its value of approximately 0-2 unit is a few times 
greater than the concentration necessary to inhibit the staphylococcus 
in liquid media. Both Schmidt and Moyer and Abraham el al. give 
a value of 0-045 unit for the latter. 



Fia. 4. — Penicillin cup assay. 

D *= 1*57 mm*/br. 

log, '"’ = -3F23'-r +Ios0 ' 20 


The value of D cannot be directly determined as in the case of 
‘ryEtnl violet, but if tho values of t and m’ are inserted in formula 
! ' an ^ fche position of any single point on the curve known, D may 
® ealculated from the formula. The paper of Abraham cl al, gives 
0 iMernal diameter of the cup used as 5-1 mm. and a graph of a 
8 andard curre with a ring of S3 mm. diameter for 1 unit ( = m 0 ) 


°f penicillin in the cup. It follows that ar 
and 
or 


AO VI 


= 9 


2 

. 1 Q 2 

log 1*0 — log 0*2 = — — 

b b 4D2-30 8 

B = 1*6 mm. 2 /hr. == 4*4xl0~ 6 cm. 2 /secs. 



Valu.es of "mo tn Units. 
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With these values known it is now possible to calculate a curve 
for the relationship between the concentration in the cup (m 0 ) and 
the value of x. The diameter of the ring is then given by 2«-f5. The 
calculated curve fits the published experimental curve of Abraham 
et at for all the values of m 0 given (fo), within the limits of experi- 
mental error (fig/ 4). Moreover, using the same formula but with 



Fig. 6.— Penicillin standard curve in 3i per cent, mitriont agar. 
t = 8 

D = 1-06 jnnj^/lir. 
m' = 0-21 

Jog = 0-0128 s*'+log 0-21 


i f r 4 . nnd 1 curves may be constructed corresponding to 
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series givon by Schmidt and Moyer. They cannot be completely 
equated with them, because these authors do not state the internal 
diameter of the cylinder used, which determines x ; nor is the diffusion 
coefficient of their standard curve quite identical with that of Abraham 
d al. The latter difference may be due to a different concentration 
of agar, the strength of which is not stated in Abraham’s paper. 

' Dr A. H. Campbell, Botany Department, Bristol University, has 
kindly allowed us to test the applicability of the formula to a number 
of the daily standard charts prepared to assay unknown penicillins. 
The product Dl and the value of log in' will vary with the precise 
conditions employed for each day’s assays, but if log in 0 is plotted 
against a; 2 a straight line should result. It is the practice normally 
to plot m 0 on logarithmic paper against the diameter of the zone of 
inhibition. Ono of Dr Campbell’s charts is reproduced (fig. 5), and 
as tho diameter of the cup used was 8 mm. the values of x can also be 
shown. The method of converting the standard curve to give the 
values for x- is illustrated. Agreement with the straight line required 
by theory is accurate for zones from 16 to 28 mm. and this result 
is typical of the others we have examined. With concentrations of 
penicillin below 0'4 unit, the estimated concentration in the cup is 
slightly inaccurate, but the edge of such zones is more diffuse and 
difficult to measure accurately. Osmotic changes may operate moro 
notably with small zones also. 

The remarkably good agreement obtained means that the standard 
curve could bo constructed with the aid of results for two values of 
m o °nly instead of the five or six points previously necessary. The 
values of Dt and in' can also be determined and thus the diffusibility 
and tho antiseptio action separated. This should be of value in 
comparing the action of different penicillins and in analysing the 
effects of numerous factors affecting the curve. 

Tho values obtained for the diffusion coefficients in agar would 
lead us to conclude that the molecule of penicillin must have a smaller 
radius than that of crystal violet. The compactness of tho molecule 
with its high diffusion rate may be of some importance for facilitating 
the penetration of animal tissues. 


Conclusions 

1. Tho application of a theoretical formula to agar oup assay 
methods is suggested. 

2. This formula has been shown to apply to the diffusion of crystal 
violet through nutrient agar and can be adapted to explain the 
inhibition zones on staphylococcus agar cup plates. 

3. Tho formula explains many of the published facts concerning 
he factors affecting the estimation of penicillin by this method. 

He application to penicillin standard curves enables the limits 
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of their accuracy to be seen and allows a more detailed analysis of 
the factors affecting (a) diffusion and (b) antiseptic action. 

We wish to record our thanks to the Colston Research Committee for a 
grant for research expenses. 
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PLATYMERIA 


William Townsley 

Departments of Anatomy, Queen's University , Belfast , and 
King's College , London University 

(Plate X) 

Platymeria — a flattening of the upper end of the shaft of the femur in an, 
antero-posterior direction — has been ascribed to various causes such as muscle 
pull, posturo and gait, and activities involved in mountain climbing. Cameron 
(1934) maintained that platymeria cannot be due to squatting. He suggested 
that it was due to unwonted strain during childhood and early adolescence. 
Platycnomia (a flattening of the tibia), he stated, is not necessarily associated 
with platymeria, but is due to squatting and is related to the expanded origin 
of the tibialis posterior muscle. Platymeria and platycnemia appear to occur 
more frequently in' primitive modem man and early man in Europe than in 
more advanced peoples. Dudley Buxton (1938-39) suggested that the femoral 
column tends to bo flattened when there is a shortage of bone material and 
rounded when there is an abundant supply. While the cause of bone deficiency 
is difficult to determine, he believed that it might be duo to calcium or vitamin 
deficiencies resulting frpm the diet peculiar to certain primitive races. 

Parsons (1913-14), Holtby (1917-18) and Pearson and Bell (1919) claimed that 
platymeria was more common in females than in males, and more common 
in the left than in the right demur. Pearson and Bell (p. 133) write: “The 
principal part of torsion occurs above the pilastric section and we suggest that 
this torsion strengthens the bone in the principal plane of bending even as the 
pilaster does. We look on the reduced torsion of the right femur as to soroo 
orient compensated for by increased antero-posterior diameters in the proximal * 
part of the bone **. 

The amount of platymeria in a bone is expressed as the platymeric ’index 
(Manouvricr), namely ' v * ier0 the platymeric antero-posterior 

diameter and transverse diamotcr are determined in the infra -trochanteric 
region. The A.P. diamoter is taken first, with the calipers, on the inner side 
of the gluteal ridgo, and so avoiding it. The transverse diameter is next 
determined, at the same level. 

Tho antero-posterior diameter is usually less than the transverse diameter, 
fi0 that tho average index in normal bones is 85. Occasionally cases aro seen 
(usually associated with much bowing and pilastric development) where tho 
antero-posterior diameter is greater than the transverse and Mnnouvrier called 
this transverse platymery. Lchmann-Nitschc (1894-95) proposed tho name 
Btenomery for this condition and graded the indices for femora into three main 
groups : — (1) platymeric — index under 80, (2) eurymeric — index 80-100 (normal), 
(3) Monomeric — index over 100. 

Penison and Bell (p. 372), referring to Hirseh, state “ that tho collar angle 
Is *°nsibly related to the shape of tho shaft at tho platymeric section — the 
rounder tho shaft, or less platymery, tho greater the collar angle. Tin's probably 

lot**, or path.— vol. lyiii 65 r 2 
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only means that a low collar { t.e . cervical) angle in man, involving the neck 
springing more horizontally from the shaft, increases the subtrochanteric 
transverse diameter and so reduces the platymeric index, — that is, increases 
platymery 

An examination of bone structure in normal and pathological femora suggests 
that the pressure of body weight acting on the angulated upper part of the 
femoral tube {junction of neck and shaft) is important in determining, on 
mechanical grounds, this relative flattening of the proximal part of the shaft. 
The normal antero-posterior flattening of the neck is a mechanical adaptation, 
involving the economic use of material with sufficient strength to support body 
weight acting on the inclined neck. If the axes of the neck and shaft were a 
continuous vertical line, a circular cross section of the neck — as of the shaft — 
would suffice to support the thrust of body weight acting vertically along this 
single linear axis ; but in the case of a much angulated tube, a considerable 
filiing-in of or support for the concavity of the angle would be required to 
withstand the bending-moment of body weight — thereby producing an oval 
.section, i.e. antero-posterior flattening. It follows, then, that the size of tho 
cervical angle has some effect in deciding not only flattening of the neck but 
also flattening of the upper part of the shaft. 

Depression of the axis of the neek of the femur (decreased cervical angle) in 
pathological conditions appears to be associated with a low platymeric index, 
i.c, with definite platymeria of the upper part of the shaft. Depression of the 
neck axis of this nature is evident in eases of osteo-arthritis and osteo-periostitis. 

I 

Osteo-arthritis 

Fig. 1 shows an osteo-artliritie femur in which tho upper surface of the 
head has been eroded and flattened, while new bone has been laid down on the 



Vin 1 -Tracing of an antero-posterior radiograph of the upper end of an osteo-artbritic 
The dotted lino represents the original outline of the head, tho continuous 
ST to StSSK* surface of neck. AC - original axis, AB - new «* 

Platymeria is present. 

i _r„„n in an attempt to restore its spherical character. Tins additional 
bone er con£s of a superficial compact articular layer and its subjacent supporting 
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Plate X 


Platvmeria 



Pin. 2. — Antero -posterior radiograph of pathological femur (ostoo-periostitis) allowing 
decreased nnglo of neck and thickening of the medial and lateral aspects of tho 
upper end of the shaft. Definite platyroenn is present. 
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trabecula?, which have been laid down on geodetic principles ; these new 
tr&becul® separate the new superficial compact layer from the original 
articular surface, which however can still be identified in section or by X-rays 
(Townsley, 1944). 

The axis of the neck (AC in fig. 1), as determined by the position of the 
original head outline, bisects 'the base line of the head, though not at right 
angles. The existing axis (AB), as determined by the new head outline, is 
nearer the % horizontal. The shape of the neck has changed to overcome the 
mechanical disadvantage of this more horizontal neck axis, the index of ellipticity 
having fallen from the normal 75 to 68 as a result of the alteration in the ratio 
of antero-posterior to vertical diameter, i.e. the neck is more oval on section than 
in the normal bone. 

Measurement of the platymoric antero-posterior and transverse diameters 
also gives an index well below normal — -71 as compared with a normal average 
of 85. Thus there is a platymeric condition of the upper part of the shaft in 
association with the depression of the articular surface of the head of the 
femur. 

A second specimen of osteo -arthritis showed similar features. The antero- 
posterior and transverse diameters were determined with calipers in the platy- 
meric piano, and the platymeric index was found to be 64*8. 


/ Oateo -pcriosl it is 

This specimen showed a reduced cervical angle (108°) and a marked alteration 
in the ratio of antero-posterior to transverse diameter in the subtrochanteric 
region of the shaft. In this region there is marked protrusion of the medial 
and lateral walls duo to new bone formation, and the surface of the bone is 
rough (fig. 2), suggesting that periostitis had been present. The platymeric 
index is 08 — that is, there is definite platymoria.- t 

Coronal section and antero-posterior radiography show marked thickening 
of tho compact tissue in the medial and lateral aspects of the upper end of the 
shaft and in the lower border of the neck. This represents a responso on the 
part of tho bone, based on mechanical principles, to oppose tho forces of body 
weight which are more likely to cause collapse or shearing of the neck in its 
depressed (more horizontal) position. Tho trabeculce, which extend from the 
medial part of tho neck and shaft upwards and laterally to the great trochanter 
and to the lntoral pnrt of the neck, are exaggerated, and act as internal pressure- 
resisting structures which prevent collapse of the tube at its angle. 

Beneath the thickened compact layer of the upper lateral part of the shaft 
there is a layer of bone representing a continuation of the original line of tho 
shaft beforo the onset of the softening process which resulted in the partial 
collapse of tho neck. Beneath the compact layer on the medial aspect of the 
upper end of the shaft are several obliquely placed groups of trabecuiro which 
prolong tho line of tho lower border of tho neck and therefore extend obliquely 
downwards and laterally into the cavity of tho shaft (fig. 2). Tho radiograph 
suggests that, as a result of pathological processes, the neck of the femur had 
collapsed (or, under body weight, had rotated downwards about an antero- 
posterior axis passing through tho junction of tho neck and shaft). 

In platymerin, j n general tho compact tissue of the medial and lateral walls 
°t the upper third of tho shaft is much thicker than that of tho anterior and 
posterior walls. This, however, is merely an exaggeration of the normal 
(eurymeric) form. Tho thickening is mechanically determined and provides 
maximum resistance in tho piano of greatest stress. Further, it follows that, at 
Q uglier level (i.e. nt the level where tho compact bone of tho medial and lateral 
alls begins to undergo traheculation, ns seen in a coronal section or antero- 
posterior radiograph) tho number of trabecula? arising from theso thickened 
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medial and lateral walls will be greater than normal. These extra trabeculrc 
are required to strengthen the neck following depression of its axis, in the same 
.way that the thickening of the medial and lateral compact bone lower down 
resists tho new forces. 

Summary 

In pathological conditions of the femur which result in depression of tho 
axis of the neck platymeria is found. The platymeric condition of the upper 
end of the shaft is associated with a decrease in the index of ellipticity of tho 
neck and is a mechanical adaptation to support body weight on the abnormally 
inclined (more horizontal) neck. 

I wish to thank Professor T. Walmsley, Anatomy Department, and Professor 
J. H. Biggart, Pathology Department, Queen’s University, Belfast, and 
Professor T. Nicol, King’s College, London, for their advice during tho 
preparation of this paper ; also Mr R. M. Leman of the Royal Victoria 
Hospital, Belfast, who kindly undertook the radiography. 
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STIMULATION OF THE GROWTH OF 
MYCOBACTERIA BY EGG YOLK 

Maiigap.et K. Ftnlayson , 

From the Travis Laboratory, Medical School, University of Otago, 

New Zealand 

The relative values of white and yolk of egg as media for tho cultivation of 
tubercle bacilli were investigated by Griffith and Griffith (1907), who stated 
that yolk and whole egg were about equal in value and that both were far 
superior to the white alone. Corpcr and Cohn (1933) found that inspissated 
yolk was superior to whole egg. Other workers have experimented with media 
containing, in most cases, a higher proportion of yolk than tho usual egg 
mixtures, with or without addition of other nutrient materials (Horrold, 1931 ; 
Schwabacher, 1930-37 ; Corper, 1937-38 ; Wallenstein, 1941; McCarter and 
Kanne, 1942 ; Snsano and Medlar, 1943). Boissovain and Schultz (I93S) 
showed that tho growth-promoting factor of yolk is fat-soluble. 

The work reported in this paper began with tho observation that the growth 
of tubercle bacilli on an egg-white medium is often so poor that it amounts to 
no more than a slight thickening of tho inoculum. This fact makes it possible 
to study growth stimulation by adding known amount's of test substances to 
cm r white, which is subsequently coagulated. Tho growth of pathogenic and 
saprophvtic mycobacteria has been investigated by this means. 
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Methods 

Preparation of media 

Egg fluids — whole egg (for Dorset’s medium), yolk and white — were collected 
separately under aseptic conditions Each was diluted with one third volume 
of 0 9 per cent NaCl solution, homogenised and filtered through sterile muslin 
When .desired, glycerol was added to make a final concentration of 5 per cent 
Media were inspissated at 75 80° C for 30 minutes on two successive days, or 
alternatively heated at 80° C near the top of the steamer for 15 minutes on two 
successive days Test substances and extracts were added to the diluted egg 
white before coagulation Media were distributed either in sterile screw capped 
1 oz bottles or in test tubes plugged with cotton wool and sealed with paraffin 
wax after inoculation 

“ Defatted ” egg yolk medium was prepared m a similar manner from yolk 
fraction A (see below) diluted with one third volume of water, 6 per cent of 
glycerol being added 


Preparation of yolk fractions 

Fraction A (water soluble yolk constituents) Yolk diluted with an equal 
volume of 10 per cent NaCI solution was extracted with successive quantities 
of cold ether until it was free from lutem (12 extractions) Ether was remo\ed 
under reduced pressure 

Fraction B (ether soluble yolk constituents) Yolk dried with anhydrous 
JSTa 2 S0 4 was extracted continuously with ether (Soxhlet) until the reflux was 
colourless The ether was distilled off and residual traces removed from the egg 
oil in vacuo 

fraction O (crude phospbatides) Yolk dried with anhydrous Na 2 S0 4 was 
extracted with hot acetone (Soxhlet) until free from pigment Continuous 
extraction with hot absolute alcohol followed for 3 hours Tho alcohol soluble 
residue (fraction C) was obtained by removal of alcohol under reduced pressure 

Results 

Comparison of growth on various coagulated egg media 

The results of seeding acid fast organisms on various egg media are shown 
in table I Glj cerol was omitted from the media used for cultivation of Myco 
tuberculosis boots but mcluded in all other cases The inoculum was two loopfuls 
of a uniform suspension containing 2 4 mg wet weight of bacteria per ml 

Tho amount of growth on Dorset’s medium was utilised as a normal standard 
It will be seen that saprophytic acid fast bacteria and those mycobacteria which 
ore pathogenic for cold blooded animals (except Myco maritium Aronson and 
Myco tuberculosis, Cayman strain) grew moderately well on egg white but did 
not attain the standard of growth characteristic of Dorset’s medium Myco 
phlet and Myco ranee also grew moderately woll on tho partially defatted yolk 
(fraction A) The avian, bovine and human varieties of tho tubercle bacillus 
exhibited no growth on egg white and defatted yolk media at a time when 
luxuriant growth had boon attained on Dorset’s medium All the organisms 
grew faster on tlio > oik medium 

Myco tuberculosis hormnis (strains H 37 and T 4 ) produced only a scanty 
growth on egg wlnto medium after ten weeks On serial subculture this scanty 
growth, in the caso of II 37, appeared after tho same time, but on transference 
to Dorset’s medium tliero was immedinto stimulation of grow tli and attainment 
°f tho usual standard Strain T 4 failed to grow m subcultures on egg white 
ni odium 
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' Table I 

Growth, of mycobacteria on various egg media 



My co. phlei, no. 525 

Myco. smegmatis, no. 523 . 

Myco. stercoris, no. 3820 . 

Myco. karlinski, no. 2071 

Myco. sp. leprous , ICed- 
rowsky, no. 509 . 

Myco. butyricum , no. 337 . 

Myco. ranac , no. 2891 

Myco. marimim Aronson, 
no. 2275 

Myco. thamnopheos Aron- 
son, no. 2927 

Myco. tuberculosis. Cayman 
strain, no. 2014 

Myco. tuberculosis Chelonei 
Friedmann, no. 946 

Myco. tuberculosis hominis 
(avirulent), T, {C.S.L.) 

Myco. tuberculosis hominis, 
H 37 (C.S.L.) 

Myco. tuberculosis hominis, 
G. 12 (local strain, re- 
cently isolated) 

Myco. tuberculosis bovis, 
Rb 15934 (C.S.L.) 

Myco. tuberculosis bovis, 
no. 46 

Myco. tuberculosis bovis, St. 
(local strain) 

Myco. avium, T. (C.S.L.) . 


Incubation 

Temp. 

C C. 

Time 

(days) 

38 

4 

38 

4 

38 

4 

38 

4 

38 

6 

38 

6 

38 

12 

}“{ 

25 


) ( 

6 

25 

16 

j { 

30 

S 25 { 

6 

21 

}38{ 

10 

70 

}“{ 

10 

70 

M 

12 

45 

38 

21 

38 

17 

38 

21 

38 | 

14 

45 
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+ + 
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Defatted 

yolk 


++++++ ++ 

+ + + + ')- + 
++++++ 

~i — t — t — 1 — 1 — h 

+ + + + + + ... 

++++++ ++ 

+ + + + + 

++++++ 

+ + + + 

+ + + + + 

I + + + + + + 

+ + + + + - 

+++++ - 


— + + + + + + 

+ + -F + + 
+ + + + + 
- +++++ 


Strains designated by a catalogue number without an accompanying alphabetical 
letter v.-ero obtained from tho Rational Collection of Type Cultures, Lister Instituto, 
London. 

C.S.L. = Commonwealth Serum Laboratories, Melbourne. 

The degree of growth is indicated by tho number of plus signs. 


Effects of adding nutrients to egg-white medium 

Tho addition of purified ovo-lecithin (Schering-Knhlbaum) and of ether- 
extractable yolk lipids (fraction B) to egg-white medium stimulated the growth 
of the organisms listed in table H. Three g. of lecithin were emulsified in 100 ml. 
of egg white and 3 parts of yolk fat. in 4 of egg white. A crude preparation of 
yolk phosphatides (fraction C) produced the same effect ns the commercial 
lecithin. Addition of small amounts of yolk to egg-white medium stimulated 
Myco. tuberculosis hominis. After incubation for 20 days strain T, gave the 
following results : on Dorset's egg medium (23 per cent, yolk), + 5 

on ege white with 10 per cent., 1 per cent, and 0-l.per cent, yolk added, -f--r +. 
a u and ~ respectively ; on egg white without yolk, no growth. 

Addition of the following materials (neutralised where necessary) to esrg 
white failed to stimulate the growth of tubercle bncilli. The strains used are 
indicated in brackets Sodium citrate, 0-37 per cent. (T,), 0-2 per cent. 
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{H 37, T a ) ; asparagine, 0*1 per cent. (Tj), 0*05 per cent. (H 37, T x ) ; Ca++, 
30 /i g. per 5 ml. of medium (T x ) ; Fe +++ , 25 pg. per 5 ml. of medium (1?!) ; dl- 
alanine, 0-24 per cent. (Ii) ; creatine, 0-1 per cent. (T x ) ; phthiocol, 25 pg. 
per 5 ml. of medium (T x ) ; choline, 0*06-0‘32 per cent. (H 37, T x ) ; ethanolamine, 
0-48 per con fr. (H 37, T x ), 0-11 per cent. (H 37} ; Na palmitate, 0’04 per cent. 
(H 37, Tj) ; Na stearate, 0*24 per cent. (H 37, T x ) ; Na oleate, 0-1 -0-37 per cent. 

Table II 


Effects of adding lecithin and yolk fat to egg-white medium 


Organism 

Incubation 

Medium 

Temp. 

”0. 

Time 

(days) 

Dorset 

Egg 

white 

Egg white 
-{-lecithin 

Egg white 
+ yolk fat 

Myco. phlei, no. 525 

38 


++++ 


+++++ 

1911 

Myco. smegmatis, no. 523 

38 


+ + + + 

+++ 

+++++ 


Myco. etercoris, no. 3820 

38 


+ + + + 

+ + 

4-4-4- + 


Myco. karlinski, no. 2071 

38 


++++ 

+ + 

++++ 


Myco. ranae, no. 2891 

38 

12 

+ + + + 

4*4- 



Myco. niaritium Aronson, no. 

25 

12 





,2275 







Myco. tuberculosis. Cayman 

25 

12 


— 



strain, no. 2014 . 







Myco. tuberculosis hominis, T, 

38 

12 

++++ 

_ 


+ 

(O.fcJ.L.) 







Myco. tuberculosis hominis, M. 


12 

++++ 


— 

— 

(local strain) 

/ 38 \ 

30 


... 

+ 


Myco. avium, T, (C.S.L.) 

38 

14 

++++ 

— 

++ 



(H 37, Tj), 0*5 per cent. (H 37) ; sodium a-glycerophosphate, 0*25 per cent. 
(H 37, T x ) ; sodium ^-glycerophosphate, 0*12 per cent. (H 37, T x ), 0*2 per cent. 
(H 37) ; ascorbic acid, nicotinamide, pyridoxin, pantothenio acid, and ribo- 
. flavine, each 0-75 mg. per 6 ml. of medium (T t ) ; dMactate, 0-2 per cent. 
(Tj) ; cytochrome c, 2*5 mg. per 5 ml. of medium (T x ) ; yolk fraction A, 
13 per cent, bv volume (H 37, T,) ; muscle Kochsaft, 20 per cent, by volume 
(H 37, T x ). 

A simple yolk-enriched egg medium 

The stimulating effect of yolk is so marked that this material appears to be 
a suitable basis for the preparation of solid media designed specially for 
cultivation of tubercle bacilli. Corper (1938) and Wallenstein (1941) have 
described such media. The proportion of yolk in these and some other published 
media are approximately ns follows. 

Volume of yolk in 100 
volumes of medium 
before coagulation 


Wallenstein (1941) ...... 72 

Corper (1938) 71 

Sosano and Medlar (1943) . . . . . 43 

Dorset (usual whole egg prescription) . . .23 

Loowcnstein-Jensen (Jensen, 1932) . . . 20 

Potmgnani (1926) . . . . . . 17 

Horrold (1D31) 15 


A dilutod yolk medium containing about 70 volumes of yolk per cent, has 
one serious disadvantage : it dries and cracks during inspissation and, although 
* re ^ ains >ts moisture when sterilised by steaming, it loses water unduly on 
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storage, even at low temperatures, and during incubation. This difficulty can 
be overcome by including a certain amount of egg white with tho yolk. 

Experiments were conducted with egg media containing 20, 40, 50, CO, CO 
and 72 per cent, of yolk by volume. A small inoculum (1 drop of a suspension 
containing 10~ s mg. bacteria per ml.) of Myco. tuberculosis honfinis (H 37) 
was used in each case. The efficiency of the medium increased with tho 
percentage of yolk, until n maximum was attained when tho yolk content 
was 00-05 volumes per cent. The lag period was not diminished by raising 
the yolk proportion to 72 volumes per cent., and tho addition of milk, potato, 
asparagine and citrate, singly and in combination, did not enhance growth 
significantly or shorten the lag period. 

On these grounds a medium of the following composition was made and 
tested with clinical material : — 

Volumes 


Egg yolk GO 

Egg white m 

0-0 per cent. NaCI solution . . . . .22 

Glycerol (pure) ....... 1 

1 per cent. Congo red solution .... 1 

1 per cent, malachite green solution ... 1 


100 

On this medium growth of Myco. tuberculosis hominis appeared within 14 
days and attained full proportions in 3-4 weeks ; Myco. tuberculosis bovis 
appeared within 3-4 weeks and attained full growth in 5-6 weeks. Con go red 
is included to provide a background against which early colonies are visible*. 
Tho inclusion of I volume of I per cent, malachite green solution reduces tho 
number of contaminated tubes to normal proportions. For culturing bacilli 
from heavily contaminated specimens such as gastric, contents, sputum and 
post-mortem material, the amount of malachite green is increased to 3 volumes 
and the Congo red omitted. 

No advantage was gained in cultivating Myco. tuberculosis hominis by , 
increasing the concentration of glycerol above I volume per cent. The yolk* 
enriched egg medium retains moisture satisfactorily when sterilised near tho 
top of the steamer at 80° C. for 15 minutes on two successive days. 

The yolk-enriched egg medium has been used in this laboratory for the 
primary cultivation of tubercle bacilli from all kinds of clinical and post-mortem 
material. It has proved at least equal in valuo to tho more complicated media 
of Loewenstein-.Jensen and Petragnani with respect to time of appearance of 
colonies, luxuriance of growth, detection of small seeding*? and differentiation 
of type. The medium is favourable to the growth of Myco. tuberculosis boo is. 

Discussion 

The fact that acid-fast saprophytes grow moderately well on inspissated 
egg white, although tubercle bacilli do not, is evidence of their simpler nutritional 
requirements. Edson and Hunter (1943) found a similar difference when the _ 
same organisms were cultured in a fluid synthetic medium. Furthermore, tho 
stimulating effect produced by the addition of yolk and yolk extracts to egg 
white is relatively greater in the case of tubercle bacilli. A stimulating factor is 
associated with the phosphatide fraction of the yolk. A crude phosphatide 
fraction and a commercial sample of purified lecithin were about equal m 
potenev. Certain phosphatide constituents, choline, etbanolnmino and glycero- 
phosphates, added to egg white singly and in 'combination, were ineffective. 

A complete chemical separation of egg-yolk lipids is ncce-sniy for elucidation 
of the problems raised. 
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Summary 

1. The growth of tubercle bacilli (avian, human and bovine) on an egg white 
medium is extremely poor, whereas acid fast saprophytes grow more profusely. 
The addition of sufficient egg yolk stimulates growth of the pathogenic species. 

2. A growth stimulant is present in a crude phosphatide fraction of the 
yolk ; punfied commercial lecithin is also active. 

3. A simple and efficient yolk enriched egg medium suitable for routine 
laboratory use is described. 

The author desires to express her gratitude to Dr N L Edson for suggesting 
this problem and for encouragement and advico. Acknowledgment is also made 
to the W. H. Travis Trustees for their interest m the work. 
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578 . 65 

THE DEMONSTRATION OF CERTAIN FATTY SUBSTANCES 
IN PARAFFIN SECTIONS 

J. F. A. McManus 

From no. 8 Canadian General Hospital 
\ 

Several standardised techniques are available for the demonstration of 
fats and fatty substances m ti^ues ; those have been most thoroughly reviewed 
by Lison (1930). With the exception of certain of Cmccio’s methods (quoted by 
bison) and tho uso of osmium tetroxido paraffin sections cannot bo used It 
w tho purpose of this no to to desenbo a method of fixation which allows 
R uWquont dehydration of tissuo by acetone or the alcohol xylol method and 
imbedding in paraffin ; tho sections cut nro stained by Sudan block. With 
* w method certain at least of tho hpins are preserved and demonstrated 
fiior sections similarly' handled can bo etamed with hematoxylin and eosin, 
Mm Gteson, tricliromo or one of tho etmns for elastic tissuo such os acid orcem 
0r « erhoeff’s lucmatoxydin. 
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storage, even at low temperatures, and during incubation. This difficulty can 
be overcome by including a certain amount of egg white with the yolk. 

Experiments were conducted with egg media containing 20,' 40, 50, 60, 65 
and 72 per cent, of yolk by volume. A small inoculum (1 drop of a suspension 
containing 10~ 5 mg. bacteria per ml.) of Myco. tuberculosis hominis (II 37 ) . 
was used in each case. The efficiency of the medium increased with the 
percentage of yolk, until a maximum was attained when the yolk content 
was 60-65 volumes per cent. The lag period was not diminished by raising 
the yolk proportion to 72 volumes per cent., and the addition of milk, potato, 
asparagine and citrate, singly and in combination, did not enhance growth 
significantly or shorten the lag period. 

On these grounds a medium of the following composition was made and 


tested with clinical material : — 

Volumes 

Egg yolk 60 

Egg white 16 

0-9 per cent. NaCI solution . . . . .22 

Glycerol (pure) ....... 1 

1 per cent. Congo red solution .... 1 

1 per cent, malachite green solution ... 1 


' 100 

On this medium growth of Myco. tuberculosis hominis appeared within 14 
days and attained full proportions in 3-4 weeks ; Myco. tuberculosis bovis 
appeared within 3-4 weeks and attained full growth in 5-6 weeks. Congo red 
is included to provide a background against which early colonies are visible. 
The inclusion of 1 volume of 1 per cent, malachite green solution reduces the 
number of contaminated tubes to normal proportions. For culturing bacilli 
from heavily contaminated specimens such as gastric, contents, sputum and 
post-mortem material, the amount of malachite green is increased to 3 volumes 
and the Congo red omitted. 

No advantage was gained in cultivating Myco. tuberculosis hominis by , 
increasing the concentration of glycerol above 1 volume per cent. The yolk- 
enriched egg medium retains moisture satisfactorily when sterilised near the 
top of the steamer at 80° C. for 15 minutes on two successive days. 

The yolk-enriched egg medium has been used in this laboratory for the 
primary cultivation of tubercle bacilli from all kinds of clinical and post-mortem 
material. It lias pt'oved at least equal in value to the more complicated media 
of Loewenstein-Jensen and Petragnani with respect to time of appearance of 
colonies, luxuriance of growth, detection of small seedings and differentiation 
of type. The medium is favourable to the growth of Myco. tuberculosis bovis. 


Discussion 

The fact that acid-fast saprophytes grow moderately well on inspissated 
egg white, although tubercle bacilli do not, is evidence of their simpler nutritional 
requirements. Edson and Hunter (1943) found a similar difference when the 
same organisms were cultured in a fluid synthetic medium. Furthermore, t ie 
stimulating effect produced by the addition of yolk and yolk extracts to egg 
white is relatively greater in the case of tubercle bacilli. A stimulating actor is 
associated with the phosphatide fraction of the yolk. A crude phosp m 0 
fraction and a commercial sample of purified lecithin were about equa in 
potency. Certain phosphatide constituents, choline, ethanolamme and S 5 r ° el ' 
phosphates, added to egg white singly and in combination, were me eo i ■ 
A complete chemical separation of egg-yolk lipids is necessary for elucdation 
of the problems raised. 
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(i) The technique utilises a lipm precipitant — acetone — for dehydration 
after a fixative designed to prevent lipins from going into colloidal solution 
(u) The material preserved in the sections does not stain with either Sudan 
IV or osmic acid but does stain with sudan black 

(m) Sljelm (containing hpins) was stained by this technique 
It may bo mentioned that tins method seemed to be suitable for the 
demonstration of mitochondria It is true that the whole lipm content of the 
cells is stained but in the normal kidney the cellular lipm includes little else 
besides the mitochondria The Golgi element appears in those cells where the 
mitochondria are few or deficient and in the macula densa of the rabbit kidney 
the characteristic reversal of the Golgi element is well seen The adrenal 
shows an interesting picture, as do various other organs 

Iu the kidney the ease of demonstration of mitochondria makes tins the 
method of choice m studies of renal cytology If some method could be de\ eloped 
to suppress tho staining of mitochondria, the Golgi element m the cells would 
bo studied with equal facility The method has the desiderata of ease and 
adaptability and lacks tho sources of error inherent in methods using silver 
and osmium 

Summary 

A technique is described using cobalt calcium formol fixation, acetone or 
alcohol dehydration and paraffin imbedding, sections being stained with sudan 
black For reasons given it is believed that the lipoid stamable by this method 
includes certain lipines 

Tho use of the method to stain mitochondria in the kidney is described, 
a .9 troll as myelin m the central nervous system Cytological uses are suggested 
It is not proposed as a histochemical test for lipines 
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A CASE OF MULTIPLE TUBERCULOklATA OF THE LIVER 
Norman Ashton 

From the Department of Pathology , Kent and Canterbury Hospital 
(Plate XI) 

Tuberculosis of tho liter occurs in three anatomical forms ( 1 ) miliary 
tuberculosis, (2) massive tuberculomata or cold abscesses, and (3) tubular 
tuberculosis or tuberculosis of the bile duets (Rosenkranz and Howard, 1936). 
uasane tuberculosis of the liver, of which the case here presented is an oxamplo, 
>9 a rare disease during tlio last ten 5 ears only one other case has been described 
m English literature (Pagel, 1938). In America Moms (1930) described one 
case and collected elev en others from the literature Only ono case was reported 
^9 a result of a questionnaire which Moms sent to a number of sanatoria and 
K»pitols and to leading pathologists, representing 11,455 beds. Rosenkranz 
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an j reported three further cases of tuberculous abscesses of the liver 

and Herrell and Simpson (1938) a case of solitary tuberculoma associated with 
recurrent hyperpyrexia. 

Case report 


Clinical history 

A male, aged 42 yrs., was admitted in Feb. 1943 to Ramsgate Hospital 
with cough and shivering attacks of two months’ duration. No tubercle bacilli 
were found in the sputum at this time. X-ray examination of the chest suggested 
primary atypical pneumonia at the left base. W.R. negative. There was 
intermittent pyrexia, rising in the evening to about 101. The pulse rate ranged 
between 100 and 130. On 15th March he was transferred to the Kent and 
Canterbury Hospital under the care of Dr Treble. On examination he was pale 
and thin, with a slightly icteric tinge and malar flush. Temp. 100°, pulse 122, 
respiration 28. Expansion of the chest was poor and there was slight impairment 
of the percussion note, with bronchial breathing and coarse rales at the left 
base. There was a very large palpable spleen and a greatly enlarged liver in 
which soft nodular masses about 24 inches in diameter could readily be palpated. 
No ascites and no abnormality per rectum. X-ray examination of the chest 
showed obliteration of the left costo-phrenic angle. Kidney shadows and 
excretion were normal. The blood showed a moderate microcytic hypochromic 
ansemia and subsequently a leucopenia of 2800 developed. Hijmans van den 
Bergh reaction normal. On 14th April he was found to have ascites and 
paracentesis was performed. The fluid was clear, sterile and greenish yellow : 
no tubercle bacilli and no malignant cells were found. During this time the 
sweating, rigors and swinging temperature of 102-103° continued without 
intermission. Occult blood was found in the stools on three occasions. All 
other investigations were negative. On 10th May he developed generalised 
potechke, dyspnoea became marked and there were coarse rales and bronchial 
breathing all over the chest. The radiologist reported miliary tuberculosis in 
both lung fields. The patient died next day, 21 weeks after the onset of the 
illness. 

Autopsy 

The body was that of a pale wasted middle-aged male with generalised 
petechias and abdominal distension. The pleural cavities contained a moderate 
excess of fluid ; there were no adhesions. Both lungs were firm, solid and riddled 
with small miliary tuberculous nodules. There was no evidence of an old or 
recent primary tuberculous focus. Heart : slight excess of pericardial fluid ; 
left sided hypertrophy. Abdomen : marked ascites but no peritonitis. Situated 
at the porta hepatis, around the coeliac axis and along the splenic vein 
were several enlarged glands showing tuberculous cavitation. Liver greatly 
enlarged (wt. 88 oz.). It contained about 50 large well circumscribed 
circular masses about 1-1£ inches in diameter. They were encapsulated 
by dense fibrous tissue and could not be shelled out. On section 
they showed a honeycomb appearance (fig.), with pus exuding from the 
meshes. A few were bile-stained. Many tubercle bacilli were found in a 
smear of the pus. Spleen very greatly enlarged (wt. 56 oz.). It was riddled 
with small irregular punched out cavities, larger than the lesions in the lung 
and about £ inch in diameter. Intestines contained a large quantity of free 
blood which had come from a chronic tuberculous ulcer in the jejunum. There 
were also two ulcers in the colon. There were calcified tuberculous mesenteric 
glands in the ileo-cmcal angle but no evidence of recent tuberculosis. The right 
hidney contained a small tuberculous abscess. All other organs were healthy. 
Large numbers of tubercle bacilli were demonstrated in sections from all the 
organs showing gross tuberculous lesions. Sections of the liver showed also 
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Plate XI 


Multiple tuberculomata op liver 



Fiq —Photograph of the li\cr on \erticnl section, thawing tho lionejcomb appearance 
of tho multiplo tuberculomata 
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diffuso cirrhosis and fatty degeneration, with many tuberculous lesions ranging 
in size from minute miliary foci to large caseating abscesses surrounded with 
moderately thick fibrous tissue capsules. The periportal connective tissue was 
especially affected and many tuberculous nodules wore seen adjacent to branches 
of the portal vein ; in some cases granulation tissue extended into the lumen 
of these vessels. The bile ducts appeared healthy. 

. Discussion 

In the case described no primary tuberculous complex could be demonstrated 
but a calcified gland was found in the ileo-csecal region. It is possible that this 
old focus became active and that bacilli escaped into the portal vein and peri- 
portal lymphatics and so spread to the liver and spleen, the case terminating 
as a miliary tuberculosis by extension into the hepatic veins. The presence 
of caseous glands in the porta hopatis and along the splenic vessels supports 
this view. A similar source and mode of extension were reported by Randolph 
(1930) in a case of acute miliary tuberculosis limited to the liver. It is interesting 
to note that Esser (1926) found in his cose a type of organism intermediate 
between the human and the bovine types. In our case the organism was 
found by Dr H. Lowenthal to be of human type. It has been stated that 
tuberculosis of the liver is more common in races not possessing natural immunity 
to tuberculosis, and Grubor (1920) noted fresh caseation of all lymph glands and 
bile-stained abscess cavities in the liver in autopsies on Senegal negroes. In 
the differential diagnosis of the present case both actinomycosis and tuber- 
culosis of tho liver were considered clinically, but since these conditions have no 
characteristic symptomatology, conclusive diagnosis was impossible. The 
outstanding symptom was the irregular temperature with severe rigors, as in 
the cases of Morris, and Herrell and Simpson. The greatly enlarged spleen and 
liver and the hypochromic anaemia with leucoponia suggested a possiblo diagnosis 
of splenic amernia as in the case of Goldberg (quoted by Moms). In Morris’s 
series of 11 cases only one was diagnosed clinically and that only after a 
laparotomy (Robinson, 1924). 

Summary 

A case of multiple tuberculomata (massive tuberculosis) of the liver in a 
raan of 42, terminating with miliary tuborculosis, is described. It is suggested 
that tho probable sourco of infection was tho reactivation of an nncient focus in 
a mesenteric lymph gland, with subsequent spread by the portal vein and 
periportal lymphatics to the liver and spleen. The literature on the subject 
w briefly reviewed and tho rarity of the condition emphasised. 

My thanks are duo to Dr H. A. Treble for the clinical notes, to Dr Morton 
nabn for tho radiographic reports and to Dr H. Lowenthal and my technician 
- It A. Baldock. I am particularly grateful to Dr W. Pagel for his help and advice. 
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576 • 85 3 • 49 (Shigella) 
A NEW SPECIES OP SHIGELLA 

George Heeler and Shoria G. Wilson 

From the Bacteriology Division of a Medical General Laboratory, ' 
United States Army 

A newly recognised species of Shigella is described in the present report 
Eight strains of the organism were isolated from specimens of human stools 
examined during the early part of September 1944 at five different armj 
medical organisations. Six of the strains were isolated in Prance at a tims 
when the occurrence of diarrhceal diseases was not infrequent and when the 
culturing of stools was done only when clinical findings indicated the usefulness 
of such procedure. Another strain was isolated from a soldier in England whe 
was hospitalised for vague abdominal distress without diarrhoea. The last 
strain came from a patient, also in England, who had mucous colitis with 
intermittent diarrhoea extending over a period of three months. Amcebiasis 
was ruled out in this last patient by repeated microscopic examination of the 
stools. The newly recognised organism will be referred to in this communication 
as Shigella ctansm (nov. spec.). 


Cultural characteristics 

Growth and morphology. The organism is a facultative aerobe which grows 
luxuriantly within 24 hours in ordinary media at 37° C. On Bacto-tryptose agar 
plates the colonies are opaque, smooth and slightly convex and .range in size 
from 1 to 2 mm. Opaque rough colonial variants occur and may "be obtained 
in pure culture by selective transplants. Both smooth and rough cultures 
produce a homogeneous suspension in broth. The organism is a Gram-negative, 
non -motile, non-sporing plump bacillus of varying length. 

Biochemical. Carbohydrate medium was prepared with beef extract broth 
at pH 7-6, containing 1 per cent, of the desired sugar and brom-cresol purple 
as indicator. The media were sterilised by Seitz filtration and dispensed 
aseptically in small metal screw-capped bottles. The Voges-Proskauer reaction 
was performed on cultures grown in Bacto-MR-VP medium ; 0-6- e.c. of 
S per cent, a-naphthoi in absolute ethyl alcohol and 0-2 c.c. of 40 per cent, 
potassium hydroxide were added to'l c.c. amounts of culture. Utilisation of 
citrate by the organism was determined by inoculation of Simmons’s citrate 
agar medium (Technical manual, 1941) which was subsequently incubated for 
21 days. 

The eight cultures of this organism, designated strains 1-8, were found to 
possess identical biochemical properties. Acid but no gas was produced in 
glucose, galactose, mannitol, xylose, sorbitol and arabinose within 24 hours. 
Acid occurred in maltose within 7-14 days and slight acid in dextrin and 
glycerol within the same period. When 1 per cent, glucose extract broth 
(brom-cresol purple indicator) was seeded with a small inoculum from a straight 
wire and incubated at 45° C. for 48 hours, growth occurred but no acid developed 
(Eijkman test). No acid was produced in lactose, sucrose, salicin, dulcitol, 
rhamnose, inulin, starch or inositol during 21 days’ incubation. Litmus milk 
became acid 24 hours after inoculation but no clot was formed, the media 
returning to a neutral reaction between the 14th and 21st days. 

The organism gave a negative Voges-Proskauer reaction but the metbyl-red 
reaction was positive. All strains readily formed indole in Bacto-tryptose broth 
and did not utilise citrate, as evidenced by the lack of growth on Simmons s 
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citrate agar. Gelatin was not liquefied, hydrogen sulphide was not formed 
and urea was not hydrolysed. All strains reduced trimethylamine oxide to 
trimethylamine (Weil and Black, 1944). 

Serological characteristics 

Methods. Antisera against strains 1 and 2 were prepared in rabbits. 
Vaccines for immunisation were made from 18-hour extract-broth cultures which 
had been inoculated from smooth colonies. Broth cultures were centrifuged 
and the sediment re-suspended in physiological saline solution containing 
0*3 per cent, formaldehyde (U.S.P.). The organisms were washed a second 
time in the same way, and finally the turbidity was adjusted to a barium sul- 
phate nepholometer standard no. 3 (Diagnostic procedures and reagents, 1941). 
The animals were injected intravenously at 5-day intervals with formolised 
suspensions of bacteria given in increasing amounts from 0*5 to 3*0 c.c. Sera 
with satisfactory titres were obtained after four injections. 

Antigens for agglutination tests were prepared from 18-hour tryptose agar 
slant cultures. The growth was washed off with physiological saline solution 
containing 0-3 per cent, formaldehyde and the turbidity was adjusted to the 
nephelometer standard no. 3. 

The agglutination tests were set up with the usual serial dilutions (1 : 20 
to 1 : 6120) and read after incubating in a 55° C. water-bath overnight. 

The following procedure was used to prepare absorbed sera. The mass 
growth from seven tryptose agar plates (24 hours’ incubation) was suspended 
in about 25 c.c. of 0*3 per cent, formol-saline, centrifuged and re-suspended 
in 9 c.c. of the diluent. One c.c. of antiserum was added, mixed thoroughly 
and the mixture incubated at 37° C. overnight. After clarifying by centrifuga- 
tion, the diluted serum was absorbed a second time by adding to it the washed 
bacterial sediment from a second batch of seven agar plates and treating as 
before. Agglutination tests with the absorbed serum were set up in tho same 
manner ns with the unabsorbed serum. 

Homologous agglutination. Results obtained with unabsorbed Shigella 
ttousa’ antisera 1 and 2 and the test organisms ( Shigella etousa strains 1-8) 
indicate close antigenic similarity between all strains. All agglutinated to a 
titro of 1 : 1280 with both sera. 

Results obtained with absorbed serum showed no apparent antigenic* 
differences between tho strains. * Antiserum 1 absorbed with strains 1 or 2 failed 
to agglutinate strains 1-8. Similar results were obtained after absorption of 
antisorum 2 . 

Heterologous agglutination. Cross agglutination tests were performed in 
order to determine whether there was any antigenic relationship between tho 
new strains and known Shigella species. Known cultures and their homologous 
antisera obtained from several sources wero checked for specificity and for 
potency beforo being used in the present studies. The following sera were 
tested with Shigella clottscc, strains 1-8, and tho results showed no agglutination 
reactions in any dilutions of sera tested (1 : 20 to 1 : 2500) : — Shigella para- 
dyicnterifu V, W, X, Y, Z, Boyd 103, Boyd P 119, Boyd 88, Boyd 170, Boyd 
P 28 ?» Boyd P 274, Boyd D 1, Boyd D 19, l2oyd P 143, Sh. ambigua, madam • 
pensis, allalcsccns, sonnei (rough), sonnei (smooth), dysenteric, and tho Snchs 
antisera (Q 902, Q 1107, Q 771, Q 1030, Q 454, A 12, B 105, B 81). Antiserum 
against Shigdla etousce no. 1 failed to agglutinate suspensions of the Shigella 
0r gamsms of the 2G strains used to proparo tho antisera mentioned. 

The a -antigen of Stamp and Stone (1043-44), which has been found in many 
ram-negativo bacilli (paracolon bacillus, Aerobacter acrogencs , Proteus morganii), 
not demonstrated in any of the eight strains of Shigella douse, nor have wo 
ound the a-agglutinin in tho two Shigella etousce antisera tested. Tn testing 
°r those factors wo used Aerobacter aerogenes 1084 antiserum, which contained 
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the a-agglutinin in 1 : 250 dilution, and the a-antigen-bearing strain of Proteus 
morganii, both of which were kindly supplied to us by the Emergency Vaccine 
Laboratory, Royal Army Medical Corps. 

When the present studies indicated that a new species of Shigella had been 
encountered, cultures and antisera were submitted to Lt.-Col. A. E. Francis, 
Emergency Vaccine Laboratory, Royal Army Medical School. He observed 
that cross agglutination reactions were obtained with etousce antiserum and a 
Shigella organism recently isolated by Dr Joan Taylor, Emergency Public 
Health Laboratory Service, Oxford, who had obtained a number of such strains 
from a dysentery outbreak in a mental hospital (described in the succeeding 
paper : Lavington et cd., 1946). Dr Taylor has furnished us with one of these 
strains, which we found to be antigenically similar, by agglutination tests with 
unabsorbed and absorbed Shigella etousce antiserum, to the strains we have 
isolated. 

Pathogenicity 

Shigella etousce strain 1 was tested for mouse pathogenicity. Approximately 
3000 organisms per c.o. in 3 per cent, gastric mucin injected intraperitoneally 
produced death within 48 hours. The infecting organism was recovered from 
the blood stream. 

In the course of these pathogenicity experiments, one of us (S. G. W.) 
became ill. After a 2. day incubation period he complained of headache and 
chills and showed a temperature of 99° F. During the 2nd day of illness the 
temperature returned to normal and he experienced sharp epigastric pains 
and diarrhoea which continued into the 3rd day, when ten stools were passed. 
Microscopic examination at this time showed mucus and numerous pus cells 
but no red blood cells. The abdominal pains subsided on the 4th day but 
diarrhoea continued. Stool cultures were positive for Shigella etousce at this 
time. Six stools were passed on the 5th day, with a few accompanying mild 
abdominal pains. Stool examination showed mucus, a few red blood cells and 
numerous white cells. He became relatively symptomless after the 7th day, 
although traces of mucus were found in the stools up to the 10th day. The 
stools remained positive for Shigella etousce up to the 10th day but from the 
11th day onward wer 0 negative. He received no symptomatic or definitive 
treatment. An agglutination test with serum taken on the 14th day gave a 
positive result in a dilution of 1 : 20 with Shigella etousce no. 1. 


Summary 

1. The biochemical and serological properties of eight bacterial strains 
isolated from human stools are described. These properties indicate that these 
strains belong to the genus Shigella but that they bear no apparent antigenic 

‘ relationship to species already described. 

2. Presumptive evidence is given to indicate that the newly described 
organism is pathogenic. 

3. The name Shigella etousce (nov. spec.) is proposed for this bacterium. 
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AN INSTITUTIONAL OUTBREAK OF DIARRHOEA DUE TO A 
HITHERTO UNDESCRIBED DYSENTERY BACILLUS 


R. J. Lavington, A. J. Matheson, Joan Taylor and W. J. D, Flesunc 

From Springfield Mental Hospital , Middlesex, and the Salmonella Reference 
Laboratory , Emergency Public Health Laboratory, Oxford 


In common with most mental hospitals in this country during recent years, 
this hospital has experienced outbreaks of dysentery. Previous outbreaks have 
been due to Sh. fexneri , but sporadic cases due to Sh. sonnei have also occurred. 
On 5th September 1944 a case of clinical dysentery was observed in ^ ward 
of patients evacuated from another hospital, and within the ensuing week 
five more coses were reported, two of which were in the same ward as the first. 
During the succeeding weeks the outbreak spread and, in spite of every 
precaution, continued to progress. The incidence of new cases was as follows : — 
1st week 6 new cases occurring in 4 wards 
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With four exceptions, all the cases were confined to one building, the exceptions 
being two female patients who worked in the laundry but were resident in the 
annoxe, and the only two male cases, both of whom worked in the foul laundry 
disinfecting station. 

Clinical findings 

The onset of the disease was sudden, the patients complaining of dia.rrhcea, 
vomiting and malaise ; in n number of cases vomiting was the first syipptom. 
Nearly all suffered from colicky abdominal pain and a fow from tenesmus. 
Temperatures ranged from 99° to 101° F., though a fow were as high as i04° F. 
Somo patients looked ill, and were palo, clammy and lethargic. In tho majority 
of cases tho temperature became normal in 24-48 hours and diarrhoea ceased 
m 3 or 4 days. All tho cases wore treated with sulphaguanidine. Thei- e were 
three fatal cases in elderly persons, but in these the dysentery was not the principal 
causo of death. At autopsy all three showed an atrophic intestinal mucosa, no 
ulcers were visiblo, but there were circumscribed areas of congestion in the 
pelvic colon and in two cases the pelvic colon and rectum contained increased 
amounts of mucus. 


Laboratory findings 

The fa'Ces from 122 clinical cases were examined. All showed tho presence 
m mucus, with macroscopic blood in about 25 per cent. ; occasionally only a 
lew flecks of blood wero observed. One cgm mottofeafaap f^yhich has not been 
Jocxs. or l-ATir.— vol. inn 
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noted in previous outbreaks of dysentery in this institution was the presence 
of relatively unaltered bile. The feces were cultured on MacConkey’s agar 
non-lactose fennenting colonies being subcultured and their biochemical 
reactions tested. Non-motde Gram-negative bacilli which failed to ferment 
lactose and sucrose but fermented glucose and mannitol with the production 
of acid only were isolated from every case. Strains isolated from 14 cases 
failed to produce indole and proved to be Sh. sonnet. The remaining 108 strains 
gave the same colonial appearance, produced indole, were not agglutinated by 
standard polyvalent Flexner sera and did not correspond to any hitherto recorded 
species. Fifteen of these strains were examined in greater detail in the Salmonella 
Reference Laboratory, 

Blood was taken from 20 of the 108 cases from whose feces the unidentified 
organism had been isolated ; with two exceptions the sera agglutinated the 
homologous strain, as well as strains isolated from other patients, to titres 
ranging from 1 : 40 to 1 : 160, Thirty-two sera sent in for the Wasser mann 
-.reaction were nsed as normal controls and failed to agglutinate these organisms 
in a dilution of 1 : 10 and over. 


Characters of the new organism 

This new organism was an aerobic, Gram-negative, non-motile, non-sporing, 
non-capsulated rod 2-4-5 p long and 0-8-1-0 p in width. On nutrient agar 
two types of colony were produced. The first was a semi-opaque, circular, low 
convex colony with a smooth shiny surface and an entire edge, 0-5-1 -5 mm. 
in diameter at 24 hr. and up to 3-0 mm. at 48 hr. The second type was less 
opaque — a low convex colony up to 2-0 mm. in diameter at 24 hr. and up to 
3-5 mm. at 48 hr., with a radially striated matt surface and a crenated edge. 
The colony became somewhat irregular in outline after 2 days’ growth. On 
MaeConkey’s agar and on desoxyeliolate-citrate agar (Hines’s modification of 
Leifson’s medium) the colonies were smaller and the characters less marked 
than on nutrient agar. Both types of colony, however, could still be distinguished 
on these media. 

The biochemical reactions were tested on a peptone water base containing 
Andrade’s indicator, to which 0-5 per cent, of the test carbohydrate was added. 
Dextrose, galactose, arabinose, xylose, trehalose, mannitol and sorbitol were 
fermented with the production of acid but no gas in 1 day. Lactose, sucrose, 
raffinose, rhamnose, adonitol, dulcitol, inositol, salicin and inulin were not 
fermented in 21 days. Maltose was usually not fermented, but in a few cases 
there was acid production without gas after 10 days. Litmus milk, after 
transient slight acidity lasting 1-2 days, became alkaline after the 10th day. 
Gelatin was not liquefied. Indo2e was produced from peptone water. Citrate 
was not utilised as the sole source of carbon. The Voges-Proskauer reaction 
was negative and the methyl red test positive. H-S was produced in small 
amounts ; when tested for in lead acetate agar, blackening along the line of 
the stab was visible in 7 days and this spread into the medium on further 
incubation. Occasionally its presence could be detected after 1 day’s incubation, 
though 3-4 days was the more usual time on liver agar with lead acetate papers. 

Suspensions of the organism failed to agglutinate with the following antisera 
(titres 1 : 250-1 : 500), both on the slide and in the test-tube, in dilutions of 
1 : 25 and over v—i Sh.flexneri V, W, X, Y, Z, 103, P 119 and newcostle ; Sh. boyd 
170, P 288, D 1, P 274, P 143 and D 19 ; Sh. shigce ; Sh. sclmilzi ; Sh. sonnei ; 
Sh. dispar and Sh. alkalescen s (four sera from different strains). A rabbit was 
therefore inoculated intravenously with graduated doses of a formolised 
suspension made from one of the strains. The serum so obtained was found to 
agglutinate suspensions made from both types of colony in a dilution of 1 : 400. 
Fourteen other strains isolated from patients during the same epidemic were 
agglutinated to the full titre of the serum. This serum failed to react m diiu- 
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tions of 1 : 26 and over, with suspensions of Sh. Jlexneri X, Y, Z, 103 A, P 1 19 A 
and neivcastle ; Sh. boyd 170, Dl, P 274, P143, D 19 and provisional typo 
(1296/7) ; Sh. shigcv ; Sh. schmitzi and Sh. sound (smooth) : it agglutinated 
Sh. Jlexneri IV, WX and P 119 13 and Sh. boyd P 288 at 1 : 25 but not at 1 : 50, 
and Sh. Jlexneri V and 103 B and Sh. sonnei (rough) at 1 : 50 but not at 1 : 100. 
These findings were regarded as not significant owing to the presence of natural 
agglutinins in rabbits’ sera (Boyd, 1939*40). 

Four strains were used to absorb the serum, and in every case they romoved 
the agglutinins for the homologous strain. 

Through the courtesy of Lieut.-Col. A. E. Francis of the Emergency Vaccine 
Laboratory, eight strains of an undescribed organism suspected of causing 
clinical dysentery, which had been identified by Major G. Heller of the 
1st Medical General Laboratory, XJ.S. Army, were also examined. Major Heller 
was kind enough to supply us with some antiserum against one of his strains. 
These strains, which were isolated from various sources, were biochemically and 
serologically identical with the fifteen strains isolated from the epidemic 
described above. Absorption of Major Heller’s serum with one of our strains 
and of our serum with one of his strains removed all the agglutinins from the 
serum against its homologous organism. 

Summary 

An outbreak of clinical dysentery in a mental hospital has been described 
in which all the affected patients showed a similar clinical picture. An organism 
with the morphological, cultural and biochemical reactions of a dysentery bacillus 
was isolated from 122 cases, of which 14 were Sh. sonnei and 108 proved to be 
a new species. The macroscopic and microscopic appearances of the fasces 
were also suggestive of bacillary dysentery. The sera of 20 cases from whoso 
feces the new organism had been isolated were examined ; 18 contained 
agglutinins to the organism in significant amounts. 

Fifteen of the 108 strains were examined in detail and have been shown to 
belong to a new species identical with that described in the preceding paper 
(Heller and Wilson, 194G) and named by them Shigella etousce. 

From the epidemiological, clinical and bacteriological findings it lias been 
shown that Sh. ctousce is a cause of bacillary dysentery in man in this country. 
Serologically it bears no relationship to any previously described dysentery 
bacillus and differs from members of the> Jlexneri group in its ability to ferment 
xylose and failure to fermont rhamnose. 
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616 . 379—006 

A CASE OF ISLET-CELL TUMOUR OF PANCREAS 
Magnus Haines 

The John Burford Carlill Laboratories, Westminster Hospital, London 

(Plate XU) 

The last three decades bar's seen the discovery of insulin and the beginnings 
of our present ideas on hyperinsulinism. Harris (1924) described the treatment 
by carbohydrate alimentation of a small series of cases with symptoms of 
hypoglycemia and abnormally low blood sugar levels. In 1927, Wilder el al. 
recorded the first instance of a verified insulin-producing tumour of the pancreas 
composed of islet tissue. Two years later Howland et al. (1929) published the 
first report of a successful operative removal of an. islet-cell tumour. Since 
then, the number of cases successfully treated by operation has risen to fifty-six 
(Walker and Boger, 1946) and the total of all reported cases must be over 
one hundred, 

A further case is now reported in which studies of the blood sugar levels 
were made both before and after operation. 


Clinical history 

The patient, a married woman ret. 66 years, complained of attacks of 
drowsiness and occasional loss of consciousness in the early morning. The 
symptoms began in. the summer of 1943, There was a spontaneous remission, 
followed by a recurrence, in November of the same year, about 6 weeks before 
admission to hospital. At that time she was found to have no abnormal 
physical signs. Her weight in her clothes was then 110 lb. Drowsiness came 
on during the night and led to semi-coma. On one occasion there was a left 
extensor plantar response. 

The blood sugar was found to be persistently low, particularly in the early 
morning, by which time the patient would hav e used up much of the carbohydrate 
from the last meal (be. of the previous evening). A diagnosis of hyperinsulinism 
was made and it was decided to look for an adenoma in the pancreas. 


Operation 

Laparotomy was performed on 17th January 1946. A small localised 
tumour was found in the pancreas near the middle of the body. It was shelled 
out with the aid of scissors. No true capsule was found. No other tumours 
were found in or near the pancreas. 


Naked eye appearance 

The tumour was lobulated, roughly globular and firm in consistency. 
Weight 1-2 g. ; size on section 1-5 x 1-0 cm. The whole tumour was embedded 
in wax after fixation in 10 per cent, formol-salino. No biological assay was 
undertaken. 


Histological examination 

Sections were stained with hrematoxylin and eosin and with Mallory’s 
nhosphotungstic acid-hajmatoxylin . The tumour is made up of cells similar 
to those of the islets of Langerhans, These cells, mostly polyhedral, are 
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Plate XII 


Pancreatio tumour 



Fig. 1.— The dense fibrous tissue stroma of the tumour contams nodules 
of calcification. X 65. 
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arranged in clusters, columns and pseudo-acini. Some are more columnar in 
shape and suggest duct epithelium (figs. 1 and 2). In one part of the section 
there appear to be a few pancreatic acini, the cells of which Bhow purple granules 
with Mallory’s phosphotungstic acid stain. These granules are not seen in 
the islet cells. The tumour cells are set in a dense fibrous tissue stroma in which 
there are several areas of calcification. It is not clear whether the apparent 
capsule encloses the whole of the tumour. 


Metabolic studies 

On admission, the fasting blood sugar was 41 mg. per cent. (Folin and Wu). 
In view of this and of the particular periodicity of the drowsiness it was arranged 



Fio. 3. — Blood glucose levels at intervals of two hours. 

Top. Pre-opcrativo : usual diet by day only. 

Middle. Pro-opemtivo : usual diet by day augmented by extra feeds at 
midnight and 3 a.m. 

Bottom. Post-operntivo : usual diet by day only. 

to estimate the sugar content in a series of samples taken at 2-3-hour intervals 
throughout a complete 24 hours. These readings and others taken subsequently 
arc shown in fig. 3. In the first curve, there is a progressive fall in the blood 
sugar level, commencing before midnight and reaching a minimum of 23 mg, 
per cent, in the 9 a.m. sample. 
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• It was apparent that the Wood sugar level depended almost entirely on the 
intake of food. Consequently another series of readings was obtained whilst 
the patient was receiving a normal dietary supplemented by light meals at 
midnight and 3 a.m. This regime not only showed a more stable level of sugar 
in the blood but there was also a corresponding lack of drowsiness. 

In the immediate post-operative period appreciable lowering of the blood 
sugar level was anticipated by the giving of meals at night as well as by day. 
This precautionary measure was continued for three days. The night meals 
were then discontinued and blood samples were taken at intervals throughout 
a complete 24 hours. It will be seen (fig. 3) that a sugar level well within normal 
limits was maintained. Five months later similar readings were obtained,' 
blood sugar levels ranging from 8G to 115 mg. per cent. 

Glucose tolerance tests using SO g. of glucose were also carried out, the 
first before operation, the second five months later (table). 

TASI33 


Glucose tolerance before and after removal of pancreatic islet tumour 



Blood sugar (mg. per 100 c.e.) 


Fasting 

... 

i hr. 

1 lit. 

litas. 

2Tirs. 

Pre-operative. . 

66 

Ml 

121 

162 

191 

Post-operative 

97 

132 

133 

123 

no 


It will be seen that the curve obtained pre-operatively is of the diabetic type 
whilst the post-operative curve falls within normal limits. Glycosuria was 
absent throughout each test. 


Commentary 

The morbid anatomy and histology of this type of tumour have already 
been well described. Occasionally more than one tumour has been present 
in the same case. Rudd and Walton (1941-42) emphasise the absolute necessity 
for a thorough search being made in a case of suspected adenoma. These 
authors, in removing part of the pancreas, accidentally encountered two 
adenomata at the extreme end of the tail. Tumours have rarely been completely 
capsulated and frequently it has been difficult to decide whether a given 
tumour was benign. With the exception of certain undoubtedly malignant 
tumours (Walker and Boger), the majority have not behaved like malignant 
growths. Cytologically some of the tumours have been described as giant 
islets of Langerhans ”, hut the picture does not always appear to be as simple 
as this. In the present instance although the cells are mostly of the islet type 
there is considerable variation. Laidlaw (1938) has made a detailed study o 
the cytology and reiterates the thesis that pancreatic duet epithelium is or 
may be totipotent. It behaves in this way in the normal development of the 
pancreas and may be expected to behave similarly when forming tumours. 

In cases where it is not possible to extract insulin from a tumour we can 
still come near to being sure that some if not all the cells secrete insulin by 
observing the results of operative removal, as in this case. Barnard (1W-) 
by his study of “ A functioning tumour of the islands of Langerhans has 

illustrated this point. . , . , , _ 

It wili he seen that the glucose tolerance test m the present case show 
diabetic curve. After removal of the tumour the curve came withm normal 
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limi ts. This change, op even the presence of the diabetic curve at the outset, 
is not a constant finding. Whipple and Bauman (1941) reviewed 17 of their 
cases. They found that the curve was often of the diabetic type and that this 
tendency might persist after removal of the tumour. In the present case, 
although there was an initial curve of diabetic type, operation resulted in a 
return to normal. 

Thus the glucose tolerance test, wlulst giving interesting results and raising 
points as yet unexplained, is of no real value in the diagnosis of hyp erinsulmis m 
duo to tumour. Diagnosis rests rather on the finding, m repeated tests, of 
abnormally low values for the blood sugar. These results, taken together 
with coincident attacks of drowsiness which are promptly relieved by the 
taking of sugar or even an ordinary meal, provide the best method of diagnosis. 

Summary 

1. A further case of adenoma of the pancreas is reported. Successful 
operations for tumours of this kind have now been recorded in at least 67 cases. 

2. It was not possible to be certain that the tumour was bemgn. 

3. Pro- and post-operative metabolic studies were made, chiefly on the 
blood sugar. It is suggested that the finding of a persistently low mean blood 
sugar level is of greater diagnostic value than sugar tolerance curves. 

I am indebted to Dr S. P. Meadows and Mr G. T. Mullally for the clinical 
details of this case and my thanks are duo to Messrs V. R. Wheatley and 
J . F. Wilson for their valuablo technical assistance. 

The paper 19 published with the aid of a grant from the Jolrn Burford Carlill 
Laboratories Fund. 
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576 . 8 . 097 . 31 (Cricetus auratus ) : 576 . 852 .211 

SUSCEPTIBILITY OF THE GOLDEN HAMSTER {CRICETUS 
AURATUS) TO MYCOBACTERIUM TUBERCULOSIS HOMINIS 
AND BOV IS 

R. E. Glover 

Farm Laboratories, National Institute for Medical Research , 

Mill Hill, London 

Experiments on tho transmission of M. tuberculosis to the golden hamster 
were recorded by Griffith (1939, 1941), who showed that tins species was 
susceptible to human and bo\ino strains but that tho a\ian bacillus caused only 
tmnil lesions. Gnlfith concluded that althoucli tho bowno tvne was tho more 
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virulent, producing extensive caseous or necrotic lesions, human strains were 
also of high activity. The protocols of his experiments show, however, that 
relatively high doses were used (1 mg. subcutaneously or 10 mg. by the mouth). 

TJngar (1942) noted that after intraperitoneal or intramuscular inoculation 
of human and bovine strains, hamsters developed lesions similar in character 
to those seen in guinea-pigs. Virulent human strains in a dose of 0-001 mg. 
produced enlargement of the regional lymph glands and miliary tubercles of 
the liver, kidneys and lungs visible to the naked eye in 16-21 days. In spite of 
the rapid development and miliary character of the lesions, his findings are in 
harmony with those of Griffith except that the latter did not report any evidence 
of tuberculous changes in the kidney. 

In view of the absence of exact information as to the least number of tubercle 
bacilli capable of provoking recognisable lesions in the hamster, a series of 
experiments was undertaken to determine the smallest dose of virulent human 
and bovine bacilli respectively capable of infecting the hamster and to compare 
the susceptibility of this species with that of the guinea-pig. 


Methods 

The strain of M. ha vis selected was of standard virulence for the rabbit, a 
dose of 0-001 mg. inducing miliary tuberculosis in about 45 days. The human 
strain, which had been used extensively on guinea-pigs, was regarded as of 
normal virulence as judged by the criteria laid down by Griffith. 

Cultures were maintained on Herrold’s glycerol egg agar. The growth 
from several tubes of 7-10 days’ incubation was weighed, thoroughly triturated 
in a mortar and diluted in physiological saline solution so that each ml. contained 
1 mg. of bacilli (moist weight). Serial dilutions ranging from 1 : 10,000 mg. 
to 1 : 100,000,000 mg. were inoculated subcutaneously into guinea-pigs. The 
development of a local lesion was accepted as evidence of the presence of at 
least 10 viable organisms (Glover, 1944). Hamsters were injected with similar 
amounts. All survivors were killed at the 180th day. 

Results 

The details of the experiments are summarised in tables I and II. 


<W. tuberculosis bovis 


It was found that a dose of 1 : 10 1 mg. or more produced a local adenitis 
which was readily palpable in the guinea-pig in 3-5 weeks, but was less easily 
detected in hamsters. The disease made rapid progress : in 2 out of 3 hamsters 
death occurred on the 56th and 90th day respectively with generalised lesions 
which paralleled quite closely those observed in the guinea-pigs. VTien the 
amount of culture was reduced to 1 : 10 6 or 1 : 10° mg. extensive lesions were 
still produced but the period between inoculation and generalisation of infection 
was increased. Nevertheless widespread tuberculous foci were seen from the 
114th day onwards and, when killed, all the animals showed some evidence 
of spread of infection to the viscera. The end-point in the series for both 
guinea-pigs and hamsters was 1 : 10 7 mg., since in 4 out of 9 hamsters and 2 out 
of 5 guinea-pigs macroscopic lesions were demonstrated, although in 2 of the 
hamsters and in both the guinea-pigs these were strictly localised to the poin 
of inoculation and the contiguous glands. No macroscopic changes resul 


from a dose of 1 : 10 8 mg. . , , _ A 

A striking feature was the difference in the reaction of the lymph gla 
system. In the guinea-pig the classical picture of caseation of the local lesion 
and of the lymph glands was invariably observed. As a rule tubercle baci 
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were scanty and were often revealed only after prolonged search. In the 
hamster, on the other hand, the lymph glands became much hypertrophied 
and soft in consistency, with a uniform purple-grey colour ; caseation was 
rarely seen. Affected glands were generally teeming with acid fast bacilli. 


Table I 

Results of inoculation of hamsters and guinea-pigs with 
Iff. tuberculosis bovis 


YT tScht of 



Hamster 





Guinea-pig 


culture 

Inoculated 

(mg.) 

No. of 
animals 
Inoculated 

No. 

died* 

Lesions 

No. 

killed 

Lesions 

No. of 
animals 
inoculated 

No. 

died* 

Lesions 

No. 

killed 

Lesions 

1:10* 

3 

2 

+++ + 
4* 4* 4- 4* 

1 

+ + + 

o 

1 

+ + + + 

1 

++++ 

1:10® 

7 

3 

+ + + + 
4* 4*4*4- 
+++ 

4 

++++ 
+ 4-4-4- 
+ + + 
++ + 

o 

\ 

o 

+ + + + 
+ + + 

0 


1:10* 

9 

5 

+ + + + 
4* 4*4*4* 
+++ 
+++ 
+++ 

4 

+ ■1*4* 
+ + 

+ + 

+ 

6 

2 

+++ 

++ 

3 

+++ 

+ + 

1:10* 

9 

0 


9 

+++ 

++ 

+ 

+ 

5 

0 


5 

+ 

+ 

\ 

\ 

1: 10* 

6 

0, 


6 

1 1 1 m 

6 

0 


5 



• Died before 00th clay. 


d* *f + -f = extensive generalised tuberculosis, + = local lesions only. 

+ + + = moderate generalised tuberculosis. — — no lesions. 

+ + = tuberculous regional glands. 

i 

M. tuberculosis ho minis 

The human strain also produced a generalised progressive tuberculosis when 
injected in doses of 1 : 10* and l : 10 5 mg. The course of tho disease was, 
howover, moro protracted than with tho bovine strain hut no material difference 
detected as between guinca-pigg and hamsters. With a dose of 1 : 10 l mg., 
* ou * °f 3 hamsters died at 98 and 106 days respectively with extensive lesions 
in tho spleen and discrete tubercles in the lungs. No deaths occurred before 
tho 180th day in animals receiving tho smaller doses (table U). In this scries 
tho hamster seemed to bo slightly more sensitive than the guinea-jng, since 2 
out of 3 showed lesions at 1:10® level and 1 out of 3 reacted to 1 : 10 7 mg.. 
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whereas only 1 out of 3 guinea-pigs responded, and very mildly at that, to a 
dose of 1 : 10 6 mg. and none at 1 : 10 7 mg. 


Table II 

Results of inoculation of hamsters and guinea-pigs with 
M. tuberculosis hominis 


Weight of 
culture 
inoculated 
(mg.) 

Hamster 

Gumca-pig 

No. of 
animals 
inoculated 

No. 

died 

Lesions 

No. 

MUed 

Lesions 

No. of 
animals 
inoculated 

No. 

died 

Lesions 

No. 

killed 

Lesio 

1 : 10‘ 


2 

m h~h~h 

i 

+ 

3 

i 

+ + + 

, 2 

++ 




++ 







++■ 

1 : 10 6 

3 

0 

• •• 

3 

+ + 

3 

0 

... 

3 






■ 

+ 





4*4 

1: 10' 

3 

0 


3 

++ 

3 

0 


3 

+ 





* 

++ 





— 





/ 

— 





— 

1 10’ 

3 

0 

... 

3 

i + 

3 

0 


3 

— 

1 : 10® 

3 

0 


3 


■% 

3 

0 

... 

3 








— 


















With regard to the character of the visceral lesions, attention may be drawn 
to the difference in the hepatic reaction. In guinea-pigs in which generalisation 
had occurred, multiple macroscopic foci were not infrequent, whereas in the 
hamster it was difficult to detect liver lesions macroscopically, even in animals 
in which the spleen and lungs were severely affected with frank tubercles. The 
reaction assumed the form of a fine widespread focal response, the tuberculous 
nature of which was confirmed microscopically. No macroscopic kidney lesions 
were seen except in one animal which received the largest dose of the bovine 
strain (1 : 10 1 mg.). 

Summary 

Experiments with graded doses of cultures showed that the golden hamster 
is as susceptible as the guinea-pig to the subcutaneous inoculation of the 
human and bovine types of M. tubercidosis. In each species the minimal 
infective dose of a fully virulent bovine strain is 1 ml. of a suspension contain- 
ing 1 : 10 7 mg. bacilli (moist weight) : the corresponding dose of the human 

type is 1 : 10® mg. „ . 

In the hamster, caseous lesions are not common. A striking feature is a 
proliferative adenitis in which the glands are teeming with acid-fast bacilli. 


Glover, R. E. . 
Griffith, A. S. . 

ft \ 

Ungab., J. '• • 
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THE EFFECTS OF (a) FREEZE DRYING AND ( 6 ) LOW TEMPERATURE 

ON THE VIABILITY OF MYCOBACTERIUM TUBERCULOSIS 

R E Glover 

Farm Laboratories, National Institute for Medical Research, 

Mill Hill , London 

In a recent series of experiments it was necessary to infect successive groups 
of animals with small numbers of viable ill tuberculosis It is obv ious that the 
preparation of a fresh suspension for each group is liable to introduce errors 
arising from ( 1 ) differences in the relation of the weight of a culture to the 
number of bacilli, depending upon fluctuations m its moisture content, 
(2) progressive loss in virulence on subcultivntion and (3) variations m the 
proportion of living and dead bacilli in the total culture These difficulties 
could bo avoided if it were possible to preserve a large batch of bacterial 
suspension for long periods without material loss of activity 

Conservation of suspensions of virulent tubercle bacilli has been reported 
by various authors The methods employed have comprised evacuation of 
ampoules and replacement of air by an inert gas (Potter, 1035, 1939) , drying 
in vacuo on sterile filter paper (Hams and Lange, 1932 33) , and rapid desiccation 
over Pj0 5 (Cohn, 1939 , Darricarrero and Prado, 1940) It has also been shown 
that the organisms resist low temperatures Thus Gloyne (1927 28) reported 
survival on ice for 12 weeks (not an end point) and Boquet (1943) noted that 
at 1° C living bacilli were still obtained after 424 days Kyes and Potter 
(1939) observed that freezing in liquid air at —190° C followed by rapid 
thawing at 40° C did not affect viability No record lias been found of the 
behaviour of tubercle bacilli when subjected to modem methods of drying from 
the frozen state ^ 

In most of the observations cited it is remarkable that little information 
has been given as to the proportion of bacilli which survived for any given 
period of storage 

The work described in this paper was undertaken with the object of 
ascertaining the extent of the resistance of M tuberculosis to (a) freeze drying 
and ( 6 ) storage at a low temperature Experiments have been carried out 
with the strains of M tuberculosis bovis and M tuberculosis homtnis described 
in the provious paper (Glover, 1046) 

Methods 
Freeze drying 

In the present experiments the apparatus devised by Knox (1939) w as 
used As kno\ hns given full particulars of tlio precautions which should be 
observed in drying pathological products so as to avoid undue loss in potency, 
no account of the manipulations need be given 

The effect of three substrates on the viability of the tubercle bacillus was 
studied Suspensions containing 1 mg per 1 ml were made m distilled water, 
physiological salmo solution and inactivated bovine serum respectively In 
each of these fluids a uniform turbidity without any evidence of coarse particles 
was produced Smears showed a satisfactory dispersal of the bacilli with many 
Ringlo or paired elements and occasional groups of 6 10 bacilli Tbo salmo and 
SCn,m suspensions exhibited no appreciable alteration after several hours at 
room temperature, but the organisms m distilled water tended to aggregate 
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into fine clumps which could not be readily dispersed. Each suspension was 
transferred to hard glass tubes (1 ml per tube) and freeze-dried. One ampoule 
from each batch was tested immediately after drying and the rest were stored 
at a temperature of -4° C. The number of viable bacilli which remained was 
checked at intervals by transferring the contents of an ampoule to a small 
mortar and adding 5 ml. of distilled water drop by drop to form an even 
suspension. An equal amount of distilled water was used to wash out the 
ampoule. The two suspensions when mixed contained 0-1 mg. bacillary bodies 
per ml. 


Conservation at low temperatures 

. Duplicate samples of the saline suspensions prepared as described were 
distributed in small ampoules which after sealing were immersed in alcohol 
maintained at a temperature of - 76° C. by solid C0 2 . The alcohol was contained 
in large thermos flasks to which CO.* was added daily. When' required for a 
test the frozen material was rapidly thawed at a temperature of 37° 0. and 
diluted so that each ml. contained 0-1 mg. bacilli. 

Serial tenfold dilutions (1 ml.) of reconstituted dried samples and of frozen 
samples ranging from 1 : 10 4 to 1 : 10* mg. were inoculated into guinea-pigs 
and hamsters. In view of the results recorded in the previous paper (Glover) 
on the high sensitivity of hamsters to both human and bovine strains it seemed 
legitimate to combine the results. In the tables, therefore, the denominators 
in the fractions refer to the joint guinea-pig and hamster experiments. Tubes 
of egg-yolk agar were also seeded with 0-02 ml. amounts. In the case of the 
animal tests all survivors were killed at about the fourth month. Macroscopic 
evidence of tuberculous foci at the point of inoculation with spread to the 
contiguous lymph glands was accepted as evidence that the inoculum contained 
at least 10 living bacilli. Cultures which showed no visible growth were dis- 
carded after 10 weeks’ incubation. 


Besoms 

The results of tests made at various intervals are summarised in tables I 
and H. In table I the number of bovine organisms as revealed by the biological 
test was determined at 0, 7, 28, 87 and 180 days respectively after storage at 
—76° C. and the results compared with freeze-dried material. The viability 
end-point before storage lay between 1 : 10 r ' and 1 : 10 7 mg. In the case of 
the low temperature method no significant difference in the number of virulent 
organisms was detectable over a period of six months. With the dried material, 
on the other hand, a drop of at least 100-fold occurred immediately. No living 
bacilli were recoverable at a dilution of 1 .• IQ 4 . There was no further decline, 
however, at the end of six months. The superiority of the low temperature 
method is thus unmistakable. The type of substrate used for suspending the 
bacilli before conservation seemed to be immaterial. 

The application of the same methods to the human type yielded results in 
harmony with those obtained with the bovine type. Before storage the strain 
was active at a dilution of 1 : 10 s mg. : the end-point remained at the same 
level after 96 days at —76° C. The freeze-dried material on the other hand 
was completely inactive in the lowest dilution tested, namely 1 : 10 a mg. 


Cultural examination 

The results of the biological test were checked hy submitting the suspensions 
to cultural examination. An estimation of the total population (living and 
dead) obtained by direct count under dark-ground illumination showed 
approximately 1,300,000 bacilli per 0-02 ml. of a suspension coatauwng 
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1/I0tli nig. per ml. Serial dilutions were then made of which 0*02 ml. 
was transferred to each of several tubes of glycerol egg agar medium. The total 

Table I 


Combined results of the inoculation of guinea-pigs and hamsters with M. tuber- 
culosis bovis (a) after storing at —76° C. and (b) after freeze-drying 


Method of 
preservation 

Dose 
in mg. 

No. of days of storage or of freeze-drying 

0 

’ 

23 

87 

i 180 

Storage at 
-76° C. 

1 : 10* 

1 : 10 5 
1 r 10° 
1:10* 
1:10* 

3/3 

3/3 

3/4 

1/4 

0/4 

3/3 

3/3 

1/4 

0/4 

0/4 

3/3 

3/3 

1/4 

0/4 

0/4 

3/3 

3/3 

2/4 

0/4 

0/4 

3/3 

3/3 

2/4 

0/4 

0/4 

Freeze - 
drying 

Is 10 s 
1: 10 s 
1: 10* 

I s 10* 

1 : 10* 
1:10* 
1:10* 


Dtst 

water 

Saline 

Serum 

Saline 

Scrum 


Saline 

3/3 

3/3 

1/3 

0/3 

3/3 

3/4 

0/4 

0/4 

3/3 

2/3 

0/4 

0/4 

3/3 

2/4 

1/4 

0/4 

3/3 

2/4 

0/4 

0/4 

3/3 

2/4 

1/4 

0/4 

... 

2/4 

2/4 

0/3 

0/3 


Fractions Indicate numbers of animals whicli proved to be Infected out of the 3 or 4 Inoculated. 


number of bacilli contained in the inoculum is given in column 2 of toblo IT. 
The third column shows the estimated number of viable bacilli present in the 
same dilutions based on the biological test (see table I). Columns 4-6 indicate 

Table H 


t Recovery of M. tuberculosis bovis by cultural means from material 
(a) preserved at low temperature , (b) freeze-dried 


Weight of 
bacilli 

In 0 02 ml. 
(tug) 

Estimation of bacilli 

Average number of colonies <3 plates) 

Direct count 

Biological test 

Before 

treatment 

—70* C. 

(fl mths ) 

Frcezc-drled 
<21 hrs.) 

1 : 10 



CO 

CO 

About 200 

1 : 10-* 



00 

00 

20 

1 : 10- 3 



70 

44 

0 

1 : 10~* 



10 

13 

0 

1 : 10-» 

130 

10 

4 

o 

0 


the average number of colonios obtained by the cultural method after six weeks’ 
incubation. These results confirm tho biological tests in showing that suspensions 
stored at —76° C. sustained no appreciable loss in activity after a period of 
0 months, whilst tho freeze-drying method was responsible for an immediate 
reduction in tho number of living organisms. It will also bo noted that, according 
to tho biological test, approximately 10 per cent, of tho total bacillary population 
was composed of living organisms, whereas tho cultural mothod picked out not 
moro than 1 per cent. 

Jocnjt. or fatr.— rot- inn u 
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Conclusions 

1. Human and bovine strains of M. tuberculosis suspended in distilled 
water, normal physiological . saline solution or inactivated bovine serum were 
preserved (a) at a temperature pf —76° C. and ( b ) by freeze-drying. 

2. The number of viable bacilli in ten-fold dilutions was ascei ..ained before 
treatment and again at varying intervals up to 180 days by the inoculation of 
guinea-pigs and hamsters and by cultural methods. 

3. Suspensions stored at low temperature showed no appreciable loss after 
180 days. Freeze-dried material, however, sustained an immediate fall in 
activity, estimated at 100- to 1000-fold ; thereafter, the dried m 'rial remained 
stable. 

4. Bacterial suspensions preserved at —76° C. can be used with advantage 
in experiments where it is necessary to inoculate small numbers of living 
bacilli, and to obtain reproducible results. 
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OBITUARY NOTICES OF DECEASED MEMBERS 

3obn Cbai’les (Brant SLebtnobam 

Born 19th May 1875. Died 4th October 1944 
(Plate XIII) 

John Charles Grant Ledinghasi was bom on 19th May 1875, at 
Boyndie, Banffshire, where his father, the Rev. James Ledingham, 
M.A., was minister of the Parish. His mother was Isabella Gardiner, 
daughter of the Rev. James Gardiner, M.A. He was educated at 
Boyndie Public School, Banff Academy and the University of 
Aberdeen. His undergraduate career in Arts from October 1891 to 
March 1895 was a brilliant one, for he distinguished himself both in 
classics and in science and graduated M.A. with first-class honours 
in mathematics and natural philosophy, gaining the Simpson mathe- 
matical prize and sharing the Ned Arnott prize in experimental 
physics. University honours are sometimes of little significance but 
this was not so with Ledingham, for they were signposts to future 
achievement. He devoted the next two years to further study and 
in October 1897 he decided to qualify in medicine. He won high 
honours in anatomy and gained the Fife Jamieson and Struthers gold 
medals for proficiency in the subject. In 1900 he took the B.So. 
degree with distinction in mathematics, physics, anatomy and 
anthropology and in 1910 proceeded to the D.Sc. degree. He 
graduated M.B. Ch.B. with honours in 1902 and, having been awarded 
tbc Anderson Travelling Scholarship, went to Leipzig in September 
of the same year to study pathology under Marchand with a view to 
a research career. In 1903-04 he worked in the department of 
pathology under Hamilton at Aberdeen University and from September 
1904 to August 1905 he continued his bacteriological and immunological 
studies in Bulloch’s laboratories at the London Hospital. 

Lcdingliam’s association with tho Lister Institute began in 
August 1905, when he was appointed assistant bacteriologist in the 
scrum department at Elstreo under George Dean. In 1906 he was 
transferred to the main Institute in London, together with Dean, 
"ho was appointed chief bacteriologist. Dean was elected to the 
chair of pathology at Aberdeen in 1908, and Ledingham took his 
P'aco in December of that year as chief of tho bacteriological depart- 
ment. Ho retained this post when he was appointed to succeed 
“ lr Charles Martin in January' 1931 as director of the Institute. 
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He retired from the directorship in March 1943 and died on 4th 
October 1944. 

During the war of 1914-18 he was appointed a member of the 
Medical Advisory Committee in the Mediterranean area in December 
1915 and served abroad with the rank of lieutenant-colonel, R.A.M.C. 
In August 1917 he became consulting bacteriologist to the Forces in 
Mesopotamia — a country he had already visited as a member of the 
Advisory Committee in September ‘ 1916, when he made a tour of 
inspection lasting about six months. He returned to the Lister 
Institute from Baghdad in May 1919. 

In the period between the wars Ledingham’s life was filled to the 
brim with a variety of activities and yet he found time to publish 
much original work. During the twelve years of his directorship of 
the Institute he carried the full burden of administration. This, 
however, brought him the satisfaction of observing the growth of the 
various research departments and the early stages of important 
contributions to knowledge in the fields of bacterial and protein 
chemistry, virus diseases and the employment of efficient bacterial 
antigens as prophylactic agents. 

In 1920 he took part in establishing the National Collection of 
Type Cultures, which was founded jointly by the Medical Research 
Council and the Lister Institute. Ledingham, with the aid of 
St John-Brooks and Miss Rhodes, organised the department and 
acted as its director during the next ten years. He took steps to 
create a department of bio-physics through the provision by the 
Rockefeller Foundation of Svedberg ultra-centrifuges and electro- 
phoresis equipment. On 29th September 1936 Professor Svedberg 
was present at a demonstration of the apparatus in the biophysical 
laboratory which had been specially built to house it ; the centrifugal 
machines were constructed in the workshops of the University of 
Upsala and have given valuable service. 

A considerable portion of Ledingham’s time was spent in the 
work of expert committees, in particular those appointed by the 
Medical Research Council, the old _ Local Government Board, the 
Ministry of Health, the London County Council, the National Radium 
Commission, the British Empire Cancer Campaign and the Bureau 
of Hygiene ; he also served on the scientific advisory committees of 
the Beit and Tata Foundations. He was for a time chairman of 
the Tropical Diseases Committee of the Royal Society and of the 
Tropical Medical Research Committee of the Medical Research 
Council. After the outbreak of war in 1939 he became a member 
of several important committees concerned with problems arising out 
of the emergency such as the War Wounds Committee. 

In addition to his steady output of scientific papers Ledingham 
wrote a number of useful reviews of subjects within his special 
knowledge. In 1912 he joined with Arkwright in writing a mono- 
graph on the carrier problem in infectious diseases. He was one of. 
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the team of contributors to the treatise on diphtheria published in 
1923 by the Medical Research Council, and his extensive knowledge 
of microbiolog}' was freely put at the disposal of the Council in the 
preparation of their System of bacteriology (1929-1931). With Fildes 
he was an associate editor of the System and he contributed the 
chapters on natural immunity, tularaemia and (with Schiitze) the 
production of active immunity ; he also collaborated with Gye in 
an introductory survey to the volume on viruses and virus diseases. 
He gave the Harben Lectures for 1925 and dealt with the problems 
of natural immunity, the carrier problem in disease and the relation 
of variola to vaccinia. In his Herter Lectures at the Johns Hopkins 
University, Baltimore, in December 1934 he surveyed the problems 
presented by^virus agents, especially their affinities for the tissues 
of the host, their immunological aspects and the retiologica] significance 
of the associated elementary bodies. 

Ledingliam’s work met with well merited recognition. He received 
the C.M.G. in 1918 for his war services and was elected F.R.S. in 
1921, serving later on its council. In 1924 he was elected F.R.C.P. 
London and later served on the council of the College. He received 
the LL.D. of Aberdeen University in 1935 and he possessed the 
honorary degrees of Sc.D. Dublin and D.Sc. Leeds ; he was knighted 
in 1937. In 1920 he was given the title of professor of bacteriology 
in the University of London and in 1944 that of emeritus professor. 
He served as a member of council of the Lister Institute from 1931 
until his death and was a member of the Medical Research Council 
from 1934 to 1938. In 1938 he was elected a member of the 
Athenaeum under rule II of the Club, which empowers the election 
of persons of distinguished eminence in science, literature or the arts, 
or in recognition of their public services. 

On his retirement the governing body of the Lister Institute put 
on record their tribute to the devoted services he had given without 
stint to the Institute during his long association with it. Later, ho 
gladly availed himself of the facih'ties offered to him by his friend, 
Dr W. E. Gye, for continuing his researches in the laboratories of the 
Imperial Cancer Research Fund at Mill Hill. 

Ledingham married, in 1913, Barbara, daughter of David Fowler 
of Broomieknowo, Midlothian, who survives him with a son and 
daughter. His former colleagues and many home and foreign guests 
of the Lister Institute have reason to remember the kindly hospitality 
extended to them by Sir John and Lady Ledingham. 

His end was unexpected, for ho had not been conscious of any 
weakness, and the tranquil manner of his passing must have seemed 
to his friends the final boon granted to a life which had fully earned 
its rest. 

T . t 

In spite of tho many calls made upon him in the course of 
his advisory and administrative work, Ledingham, throughout his 

jocjlv. or path. — tol. imt IT 2 
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scientific career of nearly forty years, was himself an active experi- 
mentalist. His contributions to science give evidence of unusually 
wide interests, for they include studies in bacteriology, pathology, 
hematology and immunology, and, in particular, researches on virus 
agents; moreover, he kept constantly in mind the application of 
scientific knowledge to the prevention of disease. 

His activities fall into three periods : the years before the war 
of 1914-18, the war period itself, and the subsequent years ending in 
his retirement and death. Two main lines of inquiry engaged his 
attention in the early years, namely serological studies concerned 
chiefly with the mechanism of phagocytosis, and the bacteriological 
and epidemiological aspects of the problem of the typhoid carrier. 
His experience on active service during the first world war familiarised 
him with those diseases which were prevalent among the Forces in 
the Middle East — the enteric group, dysentery, cerebrospinal meningitis 
and typhus fever. In the post-war period he was chiefly occupied 
with studies on viruses and virus diseases. 

His bent towards research showed itself while he was a medical 
student, for Prof. Alexander Low (Aberdeen University Revieiv, 1944, 
xxx, 333) tells us that he was one of the founders of the still flourish- 
ing Aberdeen University Anatomical and Anthropological Society, 
inaugurated on 20th June 1899, with Ledingham as its first recording 
secretary. At a meeting on 6th July 1900 he read a paper on finger- 
prints ( Proc . Anat. and Anthropol. Soc. (Univ. of Aberd.), 1900-02, 
pp. 13-17), based on the examination of 392 subjects. His corre- 
spondence as secretary brought letters of encouragement to the 
new society from notable anthropologists of the day, including Sir 
John Evans, Francis Galton, Alexander Maealister, Sir William Turner 
and E. B. Tylor. 

His first important contribution was his account with Marchand 
in 1904 of a puzzling fatal disease in a German who had returned 
from the Boxer Campaign in China ; histological examination of the 
spleen, liver, bone-marrow and lymph glands revealed the presence 
of Leishman-Donovan bodies. This case proved the existence, hitherto 
unsuspected, of kala-azar in China not long after Leishman had 
published his account of the parasite. Two papers based on work 
done during the year spent in the serum department at Elstree and 
published in 1907 deserve mention. One deals with the leucocytic 
reaction winch occurs during immunisation of the horse and goat with 
diphtheria toxin. He concluded that doses of toxin sufficiently large 
to give rise to cedematous local swellings cause a leucocytic reaction 
of the polynuclear type but that these effects are not necessarily 
accompanied by increased production of antitoxin. The other paper 
gives an account of the relation between the antitoxin response an 
the globulin content of the serum during diphtheria immunisation. 

A horse whose serum 'had an unusually high initial globulin content 
showed no tendency for it to increase during immunisation and gave 
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a poor antitoxin response, whereas another horse with a significantly 
lower initial globulin content showed, as Hiss and Atkinson had also 
found, a progressive increase in the globulins during immunisation 
and yielded a lugh-titre antitoxic serum. Ledingham believed that 
these results indicated a real correlation between an increase in the 
serum globulins and the antitoxin response. About this time, the 
Plague Commission in Bombay were investigating the possible 
significance of chronic rat plague in« keeping ah'ght the infection in 
the inter-epizootic and inter-epidemic period. Ledingham made a 
histological study of the spleen and liver of 13 cases of natural rat 
plague collected by the Commission and was of the opinion that the 
reaction of the tissues against the invading bacteria in some of, the 
sections might readily have proceeded to the complete encapsulation 
of abscess areas so as to bring about a more or less chronic condition. 

Ledingham’s studies on phagocytosis (1908) showed that the 
intake at 18° C. is only one-fifth to one-quarter of the intake at 
37° C., and that this result is due to opsonisation of the baoteria being 
less at the lower than at the higher temperature. With the same 
degree of opsonin fixation the phagocytic energy of the leucocyte is 
independent of tho temperature within a wide range. His paper 
(1912) on the mechanism of phagocytosis from the adsorption point 
of view is an impressive piece of work. The experiments were well 
designed and gave results which, judged by the accompanying 
mathematical analysis, could only have been obtained from a remark- 
ably accurate technique and an unbiassed computation of the 
numerical data from which the phagocytic indices were derived. The 
discussion of the physical aspects of phagocytosis based on his own 
observations and those of other workers reaches a high level of well 
founded argument. Ledingham concluded that the removal of 
opsonin by a bacillary suspension follows the course of an adsorption 
process as evidenced by the numerical relations which he found to 
subsist between bound and free opsonin in equilibrium, and that the 
phagocytic intake of sensitised or partly sensitised bacteria suspended 
in normal saline also takes the course of an adsorption process. In 
tho same year there appeared the paper by Ledingham and H. B. Dean 
on the action of the complement fractions in a tropin-B. typhosus 
system, together with comparative haemolytic experiments. Although 
this investigation was beset with variable complicating factors, the 
results are clearly presented and the nature of the difficulties indicated 
m a convincing way. If tho reader of this paper gives heed to tho 
complexity of the reagents — tropin, mid-piece and end-piece of guinca- 
pig complement ' and the phagocytic system — he may well feel 
surprise that the conclusions are so clearly defined. In tho course 
of this work Ledingham and his co-author confirmed the fact that 
guinea-pig complement can greatly enhance phngocytosis when 
typhoid bacilli are sensitised by inactivated typhoid immune serum 
(tropin), since the combined effect is considerably' greater than tho 
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sum of the two separate effects, a type of result for which the term 
synergistic is now used. They tested the relative action in the 
phagocytic system of each of two fractions of fresh guinea-pig serum 
(complement), namely mid-piece (euglobulin) and end-piece (the 
remainder of the serum proteins). The mid-piece was found to be 
frequently inhibitory to phagocytosis, probably by partial adsorption 
of the immune end-piece — an effect which would prevent the bacilli 
from being efficiently sensitised by the tropin. The authors refer 
tliis result to the category of inhibition phenomena met with in 
colloidal chemistry, and it is probable that the physical state of the 
euglobulin molecules, that is, the degree of their dispersion or 
a 8§ re S a fi° n > was the determining factor in the discrepant experimental 
results. 

About this time W. J. Penfold had carried out experiments in the 
bacteriological department of the Institute to determine the influence 
exerted on the lag phase in bacterial growth by variations in the 
initial seeding. Ledingham collaborated with him in a mathematical 
analysis of his numerical data. The term “ lag ” is defined as the 
period which elapses between the time of seeding and the point at 
which the generation time becomes minimal, and the authors found 
that during this period growth proceeds in an orderly fashion accord- 
ing to a definite law, that is to say, the generation time steadily 
diminishes until the minimum is reached. 

In the period before the outbreak of war in 1914 Ledingham made 
a thorough study of the role of the typhoid carrier in spreading the 
disease and was among the first to direct the attention of the medical 
profession in Britain to the subject. He joined with his brother, the 
late Dr Alexander Ledingham, Medical Officer of Health of the 
County of Banff, in investigating small outbreaks of typhoid fever 
which had occurred in a mental hospital over a period of at least 
fourteen or fifteen years ; 3 carriers were discovered among 90 females 
examined. Ledingham wrote an excellent report to the Local 
Government Board (1910) on the problem of the typhoid carrier, in 
which he gave a comprehensive account of existing knowledge. 

The pathogenesis of diseases of the blood was a field of inquiry 
which never failed to attract Ledingham. He felt that the subject 
had been dominated too long by intensive morphological studies and, 
although he did not deny the importance of this aspect of the problem, 
he was convinced of the need for experimental research into these 
obscure conditions. In 1914 he gave proof of his contention in his 
paper on purpura produced in animals by administering an anti-blood- 
platelet serum. The object of the work, when first undertaken, was 
to determine whether pliagocyted blood platelets might simulate 
certain forms of cell-inclusion. He found that, when an anti-guinea- 
pi» platelet serum prepared in rabbits is injected into the guinea-pig, 
a condition is produced which resembles purpura hemorrhagica and 
presents other features associated with the hemorrhagic diathesis. 
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He followed up the inquiry with Bedson (1915) and with Woodcock 
(1921). ' 

During the last twenty years of his life Ledingham’s chief interests 
in experimental pathology were centred in the problems of viruses 
and the diseases they cause. His first paper on the subject appeared 
in 1924 and in it he described the histology of the vaccinial lesions 
which followed injection of the virus into the rabbit by different 
routes and, in particular, the changes in the skin. He concluded 
that the lesion is essentially an acute infective granuloma in which 
the reaction of the reticulo-endothelial system of cells is the main 
feature : he could find no evidence for the statement that vaccinia 
virus possesses an elective affinity for epiblastic tissues. He appears, 
however, to have underestimated the importance of the epidermal 
reaction, because work carried out in 1938 by his colleague Amies 
at the Lister Institute with pure suspensions of elementary bodies 
confirmed the earlier work on the epiblastic response to vaccinia 
virus. With McClean (1928) he studied the propagation of vaccinia 
virus in the dermis of the rabbit. A testis-grown and a “ culture 
grown strain of virus, both of which were bacteria-free, were used, 
and it was found that adaptation of the rabbit testis strain to growth 
in the dermis of the rabbit was easily obtained, with its potency 
rising to a high level. But the dermal passages brought about a loss 
of proliferating power on scarified skin areas for which no explanation 
was apparent. 

Ledingham, with Morgan and Petrie (1931), carried out experiments 
on the potency and distribution in the serum proteins of anti-viral 
body obtained by immunising the horse with vaccinia virus. The 
results showed that the euglobulin contained the antibody in its 
highest concentration but that its absolute amount was less than that 
which was present in the pseudoglobulin fraction. The serum, when 
given simultaneously with the virus, was highly effective in controlling 
an experimental infection of the rabbit with strains of cutaneous and 
testicular origin. 

Ledingham began to focus his attention on the elementary bodies 
of vaccinia and fowlpox in 1925, while occupied with various studies 
on the viruses of these infections. His first note on the subject 
appeared in 1931 in this Journal, when he recorded details of a 
demonstration he gave of the elementary bodies of vaccinia (Paschcn, 
1900) and of fowdpox (Borrol, 1904). In a later paper he discussed 
the significance of these minute bodies and stated that ho had succeeded 
m demonstrating them in stained deposits from potent bacteria-free 
filtrates of tho vaccinia and fowlpox virus after centrifuging them at 
high speed. He spent five years in fruitless attempts to obtain 
relatively puro suspensions but at last succeeded by making use of a 
tcclmiquo which consists in tho trituration of material taken from 
c -irly lesions, treatment with ether, high-speed centrifuging, and 
fractional centrifuging of the minute deposits. These finally yield 
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a suspension which can he specifically agglutinated, a result which 
he regarded as supporting the belief that the elementary body is the 
antual infecting agent. Eagles and Ledingham (1932) followed this 
line of enquiry, which was based on the methods of Ward (1929) and 
Tang (1930), and showed that by high-speed eentrifugalisation — up 
to 14,000 r.p.m . — Berkefeld filtrates of vaccinia virus are depleted 
almost entirely of their virus content ; the bulk of the virus, consisting 
of Paschen bodies, is recoverable from the deposit. Ledingham also 
contributed to this Journal two papers (1932 and 1933) on the 
development of agglutinins for elementary bodies in experimental 
vaccinia and fowlpox. ' 

In 1935 Ledingham collaborated with Gye in an important 
research on the nature of the filterable tumour-exciting agent in 
avian sarcomata. The stained deposits obtained after high-speed 
centrifuging were found to contain enormous numbers of elementary 
bodies. Serological tests made with the bodies derived from the 
Rous no. 1 and Fujinami tumours were found to he specific. * 
Agglutinins for the corresponding elementary bodies were demonstrable 
in the serum of tumour-bearing fowls.. From these experiments the 
conclusion was drawn that the elementary bodies are extrinsic to the 
tissues of the fowl. 

During the inter-war period, when the study of viruses was 
Ledingham’s main pursuit, he found time to carry out a number of 
miscellaneous researches. Thus in 1923 he published his observations 
on the histology of the experimental lesions of tularaemia and on a 
serological method of diagnosing the disease in man, and in 1924, 
with F. R. Fraser, he gave an account of the disease as observed in 
three members of the staff of the Lister Institute who were infected 
while working with cultures of the causal organism. In 1933 he 
became interested in the phases of growth in liquid and solid media of 
the causal agent of pleuropneumonia and of agalactia. His observa- 
tions were made cliiefly from impression preparations of the colonies 
on serum-agar plates. Ledingham was inclined to place these 
organisms in the family of Actinomycetaceoz. His paper on the subject 
is a good example of his skilful treatment of a complex problem, in 
this instance the interpretation of a medley of bizarre, pleomorphic 
cultural forms whose order of emergence and interrelations are 
elusive. Ledingham’s account of this work shows that his descripth e 
talent was quite equal to his power of morphological analysis. 

The studies on the Foa-Kurloff cell of the guinea-pig give further 
evidence of his liking for experimental cytology.. His first observa- 
tions were made in 1908 at the London Hospital and the serum 
department of the Lister Institute, when his attention was directed 
to “ this strange cell ”, as he called it— a peculiar form of mono- 
nuclear leucocyte containing a mass of finely granular material 
within a large vacuole. Later workers asserted that the administration 
of sex hormones increased the number of the Foa-Kurloff bodies both 



OBITUARY 


123 


in castrates and in the new-born. In Ledingham’s opinion these 
observations were statistically weak and so after a lapse of thirty years 
he made a fresh attack on the problem, and confirmed the dependence 
of the bodies on the sex organs and their quantitative regulation 
through sex hormone influences ; he found tlia$ cestradiol dipropionate 
was particularly effective. 

Ledingham, as was natural for one who had spent his working life 
in an Institute founded with, the object of furthering the application 
of newly won knowledge 'to the practical probloms of preventive 
medicine, took an active interest in the wider aspects of experimental 
medicine in its relation to the public health. In 1925 he gave an 
address in which he stated his views on the position of bacteriology 
in the scheme of publio health in Britain and suggested the training 
of a widespread cadre of bacteriologists for routine duties and research 
studies throughout the country. The statement embodies principles 
that have now been adopted to some extent, especially during these 
rocont war years. 

In the early ’thirties he made public on several occasions his 
opinions' on the problem of vaccination as a measure of control 
for both virulent smallpox and alastrim. He insisted that, in order 
to lessen the risk of nervous sequel®, vaccination should be done in 
infancy. He' thought that, when mild smallpox is prevalent, vaccina- 
tion need not be made compulsory, but urged that information on the 
subject should be broadcast, so that intelligent members of tho public 
might have reasonable ground for accepting the benefits conferred 
by tho practice of vaccination. 

In 1939, shortly before the war, Ledingham opened a discussion 
in Aberdeen on methods of prophylactic immunisation against measles, 
scarlet fever, diphtheria, whooping cough and influenza, and made a 
forthright statement of his view that this country, as compared with 
others, had lagged behind in tho application of these procedures. He 
did not conceal his impatience with the tardy adoption of well tried 
methods by the authorities and with the lack of adequate means 
for enlightening those who are responsible for child welfare so that 
they may understand in some measure the scientific basis of recent 
methods of prophylaxis. Ho repeated Ins ploa that- a wide extension 
of laboratory facilities should be made available to public health 
authorities. Ledingham gave ctose attention to the problem of 
proriding clean and safe milk for all and devoted much time to 
furthering this aim. Ho actively supported the People’s Lenguo of 
Health, founded in 1917 by Miss Olga Hethersole, C.B.E., A.R.R.C., 
and was a member of the Science Council of tho League and of its 
Safe Milk Committee. 

In addition to his original contributions to science Ledingham 
"Tote a number of articles summarising the knowledge then oxisting 
on subjects upon which he himself had carried out research work. 
Ho hnd a gift for clear presentation and could reduce within reasonable 
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bounds a mass of observations from various sources and of varying 
merit so as to give the reader a well balanced account and leave him 
with the agreeable impression that the subject, far from being 
complicated, was really a simple one. The articles he wrote for the 
System of bacteriology .illustrate his skill in exposition. The best 
example, perhaps, is the chapter on the many-sided problems of 
natural immunity, a field of inquiry entangled with the brushwood 
of contradictory opinions and one that never ceased to fascinate him. 

His published work gives evidence of his interest in the history 
of experimental medicine from the time of Jenner onwards and 
attests his pride in the accomplishments of the pioneers of the past. 
In a presidential address given in 1922 he affirmed his belief that 
knowledge “ is best grasped in its historical setting ” and insisted on 
the value of the older work in sharpening the vision of men of science 
and in fostering an ambition to build truly. He had a keen sense of 
the continuity of medical research and found pleasure in tracing the 
early beginnings of scientific principles that are now accepted as 
fundamental. In 1943 he wrote a brief history of the activities of the 
Lister Institute since its foundation fifty years ago and in the following 
year contributed an admirable sketch of the history of bacteriology 
in Britain for the Medical Bulletin of the British Council. 

Ledingham was a man of wide international outlook and did much 
to promote friendly relations with men of science everywhere, as 
is shown by the part he took in the three international congresses of 
microbiology-held since the year 1930, when Bordet was elected as 
the first president. Ledingham was president of the second congress, 
held in London in 1936, and an honorary president of the third 
congress which met in New York in 1939, just at the outbreak of the 
war. The harm done by racial prejudices that hindered the free 
association of research workers on common ground aroused his 
indignation and he did not hesitate to make public his views in 
unequivocal terms. Thus in a letter which appeared in a medical 
journal only a few months before the war {Brit. Med. J 1939, i, 697) 
he put the case against the German policy in words so pointed that 
they must have stung those to whom they applied, if indeed such 
men retained any remnant of respect for justice. 

When one reflects upon the range of Ledingham’s activities one 
may wonder how it was possible for him to find time for all of them. 
He was fortunate in several ways. His good natural faculties were 
strengthened by a. sound general education, and an aptitude for the 
basic sciences of mathematics and physics gave Mm a secure founda- 
tion on wMoh to build when he began his research career in pathology. 
His mathematical training proved useful both to himself and to his 
colleagues. The writer was impressed on more than one occasion by 
the grip with wMch he fastened on a confused set of quantitative 
experimental data relating to highly specialised units with which he 
had little acquaintance and by- the skill with which he extracted 
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from thorn a clear and logical conclusion. He never lost interest in 
the classics — a volume of the'Loeb edition often formed part of his 
holiday reading — and ho belioved that a classical training was an 
essential part of education, not only on tho lower ground of making 
polysyllabic medical terms easier to the student, but also, on a higher 
level, for its value in helping the scientific worker to write correct and 
lucid English. 

His memory was exceptionally tenacious and he could track down 
j with unerring certainty a paper in a foreign journal wliich he had 
not seen for many years. He had, too, tenacity of purpose, and 
even after repeated failure he would refuse to be deflected from his 
aim by difficulties met with in the course of his work. He was an 
assiduous worker and set no term to his working day. In general 
his laboratory work was done by means of simple techniques, and 
yet he quickly realised the importance of utilising modem biophysical 
apparatus for research into viruses and for many other studies. As 
ft research worker he was an individualist who believed that, whatever 
planning systems may be adopted in the future, the right kind of 
researcher should bo given full liberty to follow his own impulses. 
But he welcomed tho co-operation of biochemists and biophysicists in 
solving complex problems which proved refractory to tho usual 
immunological and bacteriological methods. 

His success as an administrator was due to his ability to reach 
sensible decisions by clearly appreciating the central issues of debat- 
able questions. He was friendly and approachable to all the members 
of his staff. • In discussing their scientific problems 'with them he 
made helpful suggestions from his own wide laboratory experience 
but, on the other'liand, he could quench insufficiently supported 
theories with a cold doucho of criticism. 

His quiet manner, compounded of modesty and reserve, concealed 
a strong will. At times an overpowering compulsion of will power 
drove him to exert himself beyond reasonable physical limits ; it 
seemed then as if he were impelled by the subconscious part of his 
mind. Ho held a firm roin on the emotional part of his nature and 
seemed to cultivate a purely objective mental attitude and yet ho 
vas considerate, both in word and in action, to those who looked 
to him for help. 

As might bo expected in an eager experimenter, ho possessed 
the detective type of mind, and tlirillers, mathematical puzzles and 
acrostics mado a strong appeal to him. After a week of hard work 
he still had a reserve of mental energy to devote to tho solution of 
an acrostic and he was an active member of the “ Lister ” acrostic 
dub, winch included Harden, Arkwright and Robison. “ Retail ” 
■—that is, “ Lister ” in reverse — tho nom-de-plumo they adopted, if 
admissible ns a homophone, is certainly evocative of an enigma to 
be solved. Ho never seemed to feel tho need for mental recuperation 
ut found enjoyment and physical refreshment at the sen or in tho 
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country where, in holiday times, he shared in regular family walks. 
These were made the occasion for rivalry in detecting and identifying 
fresh species of wayside plants, with “ Hooker ” as the sole arbiter 
in dubious cases ; hence the origin of “ the lateral squint ”, a phrase 
which took its place among the family 'jests. He was a competent 
gardener and preferred this hobby to any other form' of recreation. 
His love of the country as opposed to the town was deeply felt ; , he 
found no pleasure in mingling with the crowd, and thus it was that 
his stay with Lady Ledingham on the Elstree estate of the Institute 
during the war years before his retirement was altogether congenial. 

Ledingham’s reserve made him sparing in giving expression to his 
sense of comedy but, on the other hand, he never took himself or 
others too seriously. He certainly could relax as, for example, in 
his speech at the official banquet of the International Congress for 
Microbiology in New York — an instance of a “ a little judicious levity ” 
even in the shadow of portentous world events. 

He obtained and gave pleasure by playing Scottish tunes on 
his violin or on the piano but was not attracted to the complex forms 
of music. He had no time to seek for interest in the pictorial arts 
and he found technical discourses on art and philosophy beyond his 
range, doubtless because his mind was too firmly attached to tangible 
concepts for him to grasp speculative ideas. A lack of topographical 
sense was an unexpected weakness in one so observant and so well 
trained in space-time relations. He failed completely as a guide in 
a journey by motor car, even when provided with a map and itinerary, 
and he soon lost all sense of direction when travelling in the Subway 
in New York : his uncertainty was not relieved by seeking for guidance 
from a fellow passenger, for this he could not easily bring himself to 
do, either from shyness or because he was determined to depend 
upon his own resources. 

The science of microbiology has lost an ardent and versatile in- 
vestigator and an able exponent of its work and aims, who took pride 
in its past achievements and never spared himself in promoting its 
interests. His old friends and colleagues will remember him as a 
sympathetic personality in whose judgment and integrity they could 
place full trust. 

G. F. Petbie 
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1913 

The carrier problem in typhoid fever, paratyphoid fever, diphtheria and 
bacillary dysentery. Trans. XV th Intemat. Gong. Hyg. and Demogr., 
Washington (1912), 1913, iv, 136*146. 

1914 

The experimental production of purpura in animals by the introduction of anti- 
blood-plate sera. Lancet , 1914, i, 1673-1676. 1 

J. C. G. Ledingham and W. J. Penfold. Mathematical analysis of the lag- 
phase in bacterial growth. J. Hyg., Camb., 1914, xiv, 242-200. 

On the bacteriological supervision of enteric convalescents discharged from the 
hospitals of the M.A.B., Feby. 1909 to Feby. 1911. 43rd Ann. Rep. 
Loc. Govt. Bd., London , Append. B, no. 1, 1914, pp. 336-357. 

1914-15 

Obituary notice of George Bean. This Journal, 1914-15, sis, 114-120. 

The bacteriology of epidemic cerebrospinal meningitis. (Contribution to a special 
discussion on the epidemiology of cerebrospinal meningitis.) Proc. Roy. 
Soc. Med., 1914-16, viii, Sect. Epidemiol, and State Med., 6C-G9. 

1915 

Epidemic cerobro-spinal meningitis. Brit. Med. J., 1915, i, 4C5-4G6. 

L G. <3. LtiDiNGirAsr, W. J. Fenfold ana’ 3. M. Woodcock. Recent bacterio- 
logical experiences with typhoidal disease and dysentery. Brit. Med, J„ 
1015, ii, 704-711. 

J- C. G. Ledingham and S. P. Bedson. Experimental purpura. Lancet, 1015, 
i, 311-316. 

1916 

*!• C. G. Ledingham and W. J. Penfold. Serological tests in dysentery 
convalescents. Brit. Med. J., 1916, i, 47. 


1918 

A “reversion “ phenomenon in bacterial fermontation. J. Hyg., Camb., 1918, 
xvii, 409-414. 


1919-20 

Contribution to a discussion on the apparent rate of disappearance of diphtheria 
bacflli from the throat after an attack of the disease. Proc. Roy. Soc. 
Med., 1919-20, xiii, Sect. Epidemiol, and State Med., 288-289. 

The bacteriology of typhus fever. Proc. Roy. Soc. Med., 1 919-20, xiii. Sect. Ivied., 
81-87. 

l\}20 

Contribution to a discussion on the bacteriology of cerebro -spinal meningitis. 
Brit. Med. J 1920, ii, 431-433. 

Agglutination experiments with trench fever rickettsia. Lancet, 1920, i, 1264- 

1200. 

Dysentery and enteric disease in Mesopotamia from the laboratory standpoint. 
J. Roy. Army Med. Corps, 1920, xxxiv, 189-203 ; 300-320. 
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1921 

J. C. G. Ledingham and H. M. Woodcock. The production of purpura In 
birds and amphibia by inoculation 'with thrombocyte anti-sera. This 
Journal, 1921, xxiv, 365-366. 

The cultural diagnosis of enterica in inoculated individuals. Lancet 1921 i 

rrn n a 9 9 * 9 


1922 

An historical account of the development of flocculation tests for syphilis, in 
“ The record of a brief experience with the Sachs-Georgi test ” (by 
P. Parthasarathy and Mary M. Barratt). Brit. Med. J., 1922, i, 595-596. 

Contribution to a discussion on the bacteriophage (bacteriolysin), V. Brit. 
Med. J., 1922, ii, 297-298. 

Contribution to a discussion on the bacteriology of infl uenza. Brit. Med. J., 
1922, ii, 306. 

Contribution to a discussion on some similarities and diss imi larities between 
plant and animal diseases. Brit. Med. J., 1922, ii, 722. 

Contribution to a discussion on mutation of species. Brit. Med. J., 1922, ii, 727. 

Presidential address on “ Natural resistance and the study of normal defence 
> mechanisms ”. Lancet, 1922, ii, 898-901 ; Proc. Roy. Soc. Med., 1922-23, 
xvi. Path. Sect., 1-8 ; Nature, 1923, cxi, 85-88. 

Pasteur and preventive medicine. Nature, 1922, cx, suppl. to no. 2773, p. viii. 

In memoriam : A. Baeot. Brit . J. Exp. Path., 1922, iii, 117-124. 

, 1923 

Some observations on tularaemia. This Journal, 1923, xxvi, 132-133. 

Diarrhoea and enteritis. In History of the Great War : Medical Services ; 
Pathology. London, 1923, pp. 265-276. 

1923-24 

J. C. G. Ledingham and F. R. Fraseh. Tularaemia in man from laboratory 
infection. Quart. J. Med., 1923-24, xvii, 365-383. 

1924 

The reaction of the skin to vaccinia virus. Brit. J. Exp. Path., 1924, v, 332- 
349 ; and this Journal, 1924, xxvii, 345-346 (abstfact). 

1925 

Contribution to a discussion on filter-passing viruses and cancer. Brit. Med. J ., 
1925, ii, 195-196. 

Opening paper of a discussion on the present position of pathology and 
bacteriology in this country : with special reference to research. Brit. 
Med. J., 1925, ii, 554-557. 

Alastrim and variola. The experimental side of the question. Lancet, 1925, 
i, 199-201. 

1926 

The influence of locally injected indian ink suspensions on the intracutaneous 
response to vaccinia and other viruses. This J oumctl, 1926, xxix, 309-310. 

The principles involved in prophylaxis and therapy by means of vaccines. Brit. 
Med. J., 1926, i, 815-817. 

Some problems of natural immunity and prophylaxis. (The Harben Lectures, 
I.) J- State Med., 1926, xxxiv, 2-25. 
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The carrier problem in relation to enteric fever and diphtheria. (The Harben 
Lectures, II.) J. Slate Med., 1926, xxxiv, 63*87. 

Studies on variola, vacoima, and avian molluscum. (The Harben Lectures, 
HI.) J. State Med , 1926, xxxiv, 125*143. 

1927 

Obituary notice of William Edward Marshall. This Journal, 1927, xxx, 167-169. 

Contribution to a discussion on education of the public m the prevention of 
disease. Lancet, 1927, s, 234. 

The rdle of the reticulo endothelial system of the cutis in experimental vaccinia 
and other infections : experiments with Indian ink. Brit. J. Exp. Path., 
1927, vm, 12-25. 

1928 

J. C. G. Ledingham and D. McClean. The propagation of vaccine virus in the 
rabbit dermis. Bnt. J. Exp. Path , 1928, ix, 216-224. 

1928*29 

Contribution to a discussion on ultra microscopic viruses infecting animals and 
plants Proc. Roy. Soc., B, 1928-29, civ, 548*550. 

Opening paper to a discussion on vaccination against smallpox in the light of 
recent experience. Proc. Roy. Soc Med , 1928 29, xxn, 607-514 ; 622. 

Contribution to a discussion on antivirus therapy in infectious diseases Proc. 
Roy. Soc. Med , 1928-29, xxn, 1594-1595. 

1929 

J. 0. G. Ledinoham and M. M. Baubatt. On the visceral lesions that may 
accompany experimental vaccinia in rabbits. Lancet , 1929, n, 516-519. 

1929 30 

Contribution to a discussion on typhus like fovers of unknown retiology, with 
* special roferonco to the Malay States. Proc. Roy. Soc. Med , 1929 30, 
xxm, 1029. 

1930 

Contribution to a discussion on tho retiology of yellow fever. Lancet , 1930, i, 187. 

Tularemia (syns deerfly fever, rabbit fever, O’Hara’s disease) and its causntivo 
organism, B. tularemc . In A system of bacteriology in relation to 
medicine, Medical Research Council, London , 1930, vol. v, pp. 488*498. 

W. E Gye and J. C G. Ledingiiam. Viruses and virus diseases : introductory 
survoy. In A system of bacteriology m relation to medicine, Medical 
Research Council, London , 1930, vol. vu, pp. 13-28. 

Bacterial variation. Tirst Intemnt. Congr. Microbiol., Paris, 1930, vol. i, p. 162. 

1931 

Elementary bodies in various virus infections. This Journal, 1931, xxxiv, 122. 

Tho lining of abscess products m dermis by epithelium. This Journal, 1931, 
xxxiv, 123. 

The retiological importance of tho elementary bodies in vaccinia and fowl-pox. 
Lancet, 1931, ii, 525-52G 

J. C. G. Lemnoham, W. T. J. Mono a v and G. F. Petrie. Tho potency and 
distribution m the serum fractions of antiviral body obtained by 
immunization of tho horse with \accima virus. Brit. J. Exp. Path., 
^ 1931, xu, 357-372. 
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Natural immunity. In A system of bacteriology in relation to medicine, 
Medical Research Council, London, 1931, vol. vi, pp. 31-76. 

J. C. G. LEDnrcsHAM and H. L. Schutze. The production of active imm unity 
to bacterial and virus infections of man and animals. In A system of 
bacteriology in relation to medicine, Medical Research Council, London, 
1931, vol. vi, pp. 77-105. 

Elementary bodies in films from vaccinia or smallpox (Paschen bodies) and 
from fowl-pox (Borrel bodies). In A system of bacteriology in relation 
to medicine, Medical Research Council, London, 1931, vol. ix, pp. 132-133. 


1932 

The development of agglutinins for elementary bodies in the course of experi- 
mental vaccinia and fowlpox. This Journal, 1932, xxxv, 140-142. 

Contribution to a discussion on the microscopy of the filterable viruses. J. Roy. 
Micros. Soc., 1932, lii, 235-237. 

Opening paper to a discussion on tissue changes in virus diseases. Brit. Med. J., 
1932, ii, 953-957. 

G. H. Eagles and J. C. G. Ledexgham. Vaccinia and the Paschen body : 
infection experiments with centrifugalised virus filtrates. Lancet , 1932, 
i, 823-826. 

Visible “ ultramicroscopic ” viruses. (Unsigned leading article.) Lancet, 1932, 

■ i, 843. 

Vaccination. J. Roy. San. Inst., 1932-33, liii, 134-138. 


1933 

Phases in the growth of the “ virus ” of pleuropneumonia on artificial media. 
This Journal, 1933, xxxvi, 196-198. 

The development of agglutinins for Paschen bodies in experimental vaccinia, 
with illustrative charts. This Journal, 1933, xxxvi, 425-429. 

The growth phases of pleuropneumonia and agalactia on liquid and solid media. 
This Journal, 1933, xxxvii, 393-410. 

Contribution to a discussion on bacteriophage. Brit. Med. J., 1933, i, 187. 
Obituary notice of Walter Morley Fletcher. Biochem. J., 1933, xxvii, 1333-1336. 

1933-34 

Contribution to a discussion on vaccination. Proc. Roy. Soc. Med., 1933-34, 
xxvii, 881-887 and 891-892. 

Contribution to a discussion on Corynebacterium infections, with special 
reference to caseous lymphadenitis of sheep. Proc. Roy. Soc. Med., 
1933-34, xxvii, 1343-1344. 


1935 

Contribution to a discussion on rabies and bats in Trinidad. Brit. Med. J., 

1935, ii, 1227. , , t 

J. C. G, Ledingham and W. E. Gte. On the nature of the filterable tumour- 
exciting agent in avian sarcomata. Lancet, 1935, i, 376-377. 

Studies on virus problems (Herter Lecture abridged). Bull. Johns Hopkins 
Hosp., 1935, lvi, 247, 337 ; Ivii, 32. 


1935-36 

Presidential address (Section of Comparative Medicine) on the comparative 
study of clinically allied viruses : some unsolved problems of Edward 
Jenner, Proc. Roy. Soc. Med., 1935-36, xxix, 73-82. 
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1936 

The new ultracentrifuge installed at the Lister Institute. Lancet, 1936, lb 874. 

1937 

Studies on the serological inter-relationships of the rabbit viruses, myxomatosis 
(Sanarelli, 1898) and fibroma (Shope, 1932). Brit. J. Exp. Path , 1937, 
xvni, 436 449. 

Presidential address. Second International Congress for Microbiology, London, 
1936 Kep. of Proc., 1937, pp. 20-23. 

Opening paper of a discussion on mechanism of immunity in virus diseases and 
practical applications thereof, Second International Congress for Micro- 
biology, London , 1936. Hep. of Proc., 1937, pp 102 104. 

1938 

Obituary notice of Arthur Edwin Boycott. Bnt. Med. J„ 1938, l, 1133-34. 

Obituary notice of Professor Max Neisser. Nature, 1938, cxh, 643. 

1939 

Sex hormones and the Kurloff cell. Tins Journal, 1939, xlix, 463-465. 

Opening paper of a discussion on prophylactic immunization against measles, 
scarlet fevor, diphtheria, whooping cough, and influenza Bnt. Med. J., 
1939, ii, 841-846 

1940 

Sex hormones and the Foi-Kurloff cell. This Journal, 1940, 1, 201-219. 

Sex -hormones and the Fo&-Kurloff cell. Unsigned annotation Lancet, 1940, 
l, 748-749. 

Obituary notice of Sir Arthur Harden. Nature, 1940, cxlvi, 122. 

Obituary notice of Professor H. T. Hewlett. Nature, 1940, cxlvi, 552. 

Historical review and brief statement of the present position of unclassified 
filterable microorganisms. Third International Congress for Micro- 
biology, New York, 1939. Kep of Proc, 1940, p 175. 

The prevention of acute specific fovors. The Practitioner, 1940, oxlv, 86-91. 

1941 

Obituary notice of William James Penfold Bnt. Med. J ., 1941, n, 791. 

Obituary notice of Professor R. Robison. Nature, 1941, cxlvui, 77-78. 

1942 

Obituary notice of Goorgo Edward Cartwright Wood. This Journal, 1942, liv, 
519 523. 

Obituary notice of William Bulloch. Obituary notices of the Royal Sncioty, 
1941, m, 819-843. 

1942-43 

Contribution to a discussion on immunity. V. — Immunity to viruses. Proc. 
Roy. Soc. Med., 1942-43, xxxvi, 479-482. 

1943 

Tho Lister Institute of Prov entivo Medicmo , fifty years research activity. 
Nature, 1943, clu, 11-12 

1944 

The t!o\ elopment or medical studies in Britain • V. — Bacteriology. Bnt. Med. 
Bull, 1944, n, 201-205. 
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Sosepb Hrtbur Hrftwrifibt 

1864-1944 
(Plate XIV) 

It is unusual for a medical man to specialise in 'bacteriology late in 
bis professional career, though of those who have done so not a few 
have achieved eminence. Arkwright, whose death at the age of 81 
occurred on 22nd November 1944, after a short illness, belonged to 
this small and select minority. He had been qualified fifteen years 
before he commenced the serious study of bacteriology and he 
achieved great distinction in this science. 

Joseph Arthur Arkwright was the youngest of five children of 
Arthur William Arkwright and Emma, his second cousin, daughter 
of John Wolley of .Briston, Nottinghamshire. His father was a 
gentleman farmer of Brought on Hall, Askey, Leicestershire, and it 
was this estate and its immediate environs which formed the setting 
of the first ten years of Arkwright’s life. When he was only two 
years old his mother died and for a vdiile he was looked after by an 
aunt. Later this duty devolved on Ins eldest sister Helen, for whom 
Arkwright formed a great affection, and it was from her that he 
acquired that abiding interest in natural history which was to play 
such a large part in forming the course of his life. The other important 
formative influence was undoubtedly tradition, for Arkwright had 
a number of forebears' who gained distinction on the score either 
of invention or of scientific achievement. His great-grandfather, 
Sir Richard Arkwright, was the joint inventor with Hargreaves of 
the spinning jenny, an invention which revolutionised the cotton 
industry r in Lancashire. Sir Robert and Sir James Wigram, the father 
and brother of Anne Wigram who married Arkwright’s grandfather, 
the Rev. Joseph Arkwright, were both Eellows of the Royal Society, 
though it seems probable that this distinction was a reward more 
for interest in science than for actual scientific achievement. Two 
of Arkwright’s maternal uncles were distinguished naturalists. One, 
John Wolley, an ornithologist, made an expedition to Iceland with 
Alfr p.fi Newton, F.R.S.‘, to study the great auk which was said to be 
still extant in that island. John Wolley died ‘before Arkwright was 
bom but Iris books were inherited by the family and those on zoology, 
with their pictures of animals, formed the favourite literature of 
Arkwright’s early boyhood. Another uncle, Charles Wolley-Dodd, 
a remarkable amateur gardener, was an authority on alpine plants, 
so there was much in the family history to inspire Arkwright with 
an interest in biology. In 1874 at the age of ten he was sent to a 
preparatory school at Rottingdean on the Sussex coast near Brighton 
and three years later he followed his brother Leonard to Wellington. 
It was here that he decided on medicine as a career and on leaving 
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Wellington he went to Trinity College, Cambridge, there to study 
for the natural sciences tripos in biology. He took part I in 
1884 and part II two years later, with zoology as his major 
subject. Amongst his teachers at Cambridge whom Arkwright 
found particularly stimulating were Adam Sedgwick, Alfred 
Newton and W. H. Gaskell, and he attributed a considerable 
influence on his intellectual development here to Parkes Weber, a 
fellow student one year Ids senior, in whom he found a congenial 
spirit. Prom Cambridge he went to St Bartholomew’s Hospital for 
Iris clinical training, which he completed in 1889 and graduated M.B., 
B.Ch. The next four years were spent in house appointments, first 
as house physician at St Bartholomew’s and at the Victoria Hospital 
for Children in Chelsea, and later as house surgeon at the West London 
Hospital. In 1893 he married and settled in general practice at 
Halesowen, an industrial area on the borders of Worcestersliire and 
Staffordshire, where he soon acquired a large practice. Arkwright, 
from all accounts, was a good doctor. In the .study and care of Ilia 
patients his keen intellect and enquiring mind with its biological 
training found much that was satisfying. He possessed in addition 
and in large measure those human attributes so essential to the 
making of a good general practitioner, and he might well have 
remained in the practice of medicine had not fate determined otherwise. 
He was subject to hay fever and asthma — he possessed in fact the 
allergic diathesis and this betrayed itself in general practice by the 
development of a hypersensitiveness to antiseptics. This gave rise 
to an intractable dermatitis of the hands which became such a 
handicap in his work, particularly midwifery, that in 1903 he relin- 
quished his practice. After a short rest he took a small practice at 
St Margaret’s Bay in Kent, where it was hoped that the sensitisation 
to antiseptics would be less of a disability since midwifery constituted 
0I % a small part of the work. However, the dermatitis of the hands 
recurred and, what was even more disabling, the hay fever and 
concomitant asthma, engendered by the pollen from the neighbouring 
downland. This so incapacitated him thiit after a year he retired 
finally from general practice. He moved with his family to the 
■vicinity of London and took an appointment as clinical assistant at 
the Children’s Hospital, Great Ormond Street, with the object 
eventually of becoming a consultant in paediatrics. Here, however, 
ho became so interested in bacteriology that ho decided on a scientific 
career and in 1905 ho applied to Sir Charles Martin, director of the 
Lister Institute, to be given the opportunity of working there as 
an honorary research worker. This application was granted and 
Arkwright started on his career as a bacteriologist in which he was to 
gain such distinction. Tho next year or two were spent in equipping 
himself for this new work. Ho had much to leam but he could not 
have been better placed for tho purpose, for the department of 
bacteriology at the Lister Institute when ho joined it had as its 
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director Professor George Dean, and Ledingham, Boycott and 
Henderson Smith were members of its staff. Arkwright applied himself 
to this new task with zeal and so well did he progress that soon he 
had become a competent bacteriologist and had gained the esteem 
of his new colleagues. In 1908, three years after his admission to the 
Lister, he was appointed to the staff as assistant bacteriologist and 
held this appointment until 1927 ; after his retirement he still 
continued to work at the Institute as an honorary member of the 
staff. During these twenty years Arkwright’s unbroken series of 
valuable researches placed him in the forefront of bacteriologists and 
brought distinction to the Lister Institute itself. Even after his 
retirement he continued to do original work, but now much of his 
time and energy were taken up in directing the work of others. He 
suffered the fate common to so many of those who achieve prominence 
in scientific work, his counsels were required in the planning and 
direction of research, and being an unselfish and public spirited 
person he acceded readily to calls on his time, so much so that by 
1930 he had ceased to work in the laboratory and the whole of his 
time was taken up with scientific administration. 

There is little doubt that in medical research Arkwright found the 
work for which he was best suited. Even preoccupation with a busy 
practice could not stifle the urge to investigate, and he found time to 
place on record some of the observations he had made on cases which 
came under his care. Perhaps the most valuable of the papers that 
he published whilst in practice was one concerning jaundice in the 
new bom. He was one of the first to observe that this condition 
occurred in families and he described the case of one woman who 
had given birth to fifteen children, fourteen of whom developed 
jaundice shortly after birth and of whom ten died. Recent work 
on the Rh factor has provided the answer to this problem , which 
already forty years ago Arkwright had formulated. Had he remained 
in practice he would no doubt have continued to contribute to the 
advancement of medical knowledge, but the adoption of a research 
career enabled him to give free rein to his bent with immeasurably 
greater results. 

During the years which elapsed between his going to the Lister 
Institute and the outbreak of the first world war Arkwright worked 
on problems of diphtheria and cerebrospinal meningitis. He showed 
clearly the part played by carriers in the spread of diphtheria and 
drew attention to the great variation in virulence which occurred 
in different strains of the diphtheria bacillus, showing that this was 
due to variation in toxigenicity. He also observed that the bacillus 
showed morphological variation and described the short virulent 
form which we now know as the gravis type. His work on meningo- 
coccal infections was concerned chiefly with defining more precisely 
the means by which the meningococcus could be differentiated from 
other Gram-negative diplococci and he anticipated to some extent the 
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work of Mervyn Gordon by showing that tho meningococcus comprised 
a number of serological types. This work provided the material of 
a number of papers published between 1007 and 1916 ; some of it was 
incorporated in a book, The carrier problem in infectious disease, 
which he produced jointly with his colleague Ledingbam in 1912. 
Valuable though tins work was as an addition to our knowledge of 
theso two diseases it had an even greater importance, for Arkwright’s 
study of these two micro-organisms showed him that, contrary to 
tho beliefs which then prevailed, bacteria were not fixed in their 
characters but might show considerable variation. This view found 
further support in some observations that he made on a strain of 
B. aculi lactici isolated from the urine of a patient with enlarged 
prostate (1913-14). This organism produced a variant which differed 
from the original in that it failed to give rise to the formation of gas 
from fermentable carbohydrates. The variant remained constant in 
its behaviour on subculture, but it could be made to revert to the 
original state by growing it in peptone water containing sodium 
formate. All these findings so impressed Arkwright that he decided 
to investigate the phenomenon of bacterial variation, a theme which 
was to inspire some of his best work. Several workers, amongst'them 
Nicolle (1898), Savage (1901) and Inter v. Lingelsheim (1913) had 
encountered occasionally an instability in saline suspension of members 
of the genus Bacterium, a state referred to as spontaneous agglutina- 
tion. This phenomenon remained unexplained until Arkwright, in 
1921, showed that it was due to the formation of a variant characterised 
by a change in tho colonial appearances and in serological reactions in 
addition to the previously observed instability in saline. Ho applied 
the term “ rough ” to this variant as descriptive of its colonial 
appearance and to distinguish it from the normal form with its 
Braooth colony, and although he and his colleague Goyle (1924) took 
a false step when they identified the S & R forms with the 0 & H 
forms of Weil & Felix, this mistake was soon corrected (Arkwright, 
1927). He further showed (1920) that tho R form was lacking not only 
in virulence but also in immunising properties, and finally demonstrated 
(1927) that in tho case of Bad. typhosum the 0 antigens of the S & R 
forms were both heat-stable and serologically distinct and that the 
H antigens were the samo in both S & R forms and of no value 
whatever in the production of immunity. An excellent account of 
this work and other aspects of bacterinl variation was given by him 
m tho chapter devoted to this subject in the System of bacteriology 
°f the Medical Research Council, though the article is written with 
such characteristic modesty that Arkwright’s own outstanding 
contribution to this aspect of bacteriological research is by no means 
obvious. That he was entitled, however, to speak with authority 
on this subject was recognised by his being invited to open the dis- 
cussion on bacterial variation at the Second International Congress 
of Microbiology held in London in 1930. 
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At. the ''outbreak of the first world war Arkwright turned his 
attention to the sporing anaerobic bacilli so as -to equip himself for 
the problems which might be presented by the wounds sustained by 
'our troops fighting over the highly cultivated ground of Western 
Europe. But before he had proceeded very far with this the ‘war 
had spread to the Near East, and since there was an urgent demand 
for bacteriologists in this new theatre of hostilities Arkwright offered 
his services and was posted in 1915 as pathologist in charge of the 
laboratory at St George’s Hospital, Malta, with the rank of temporary 
captain in the R.A.M.C., his work on the Clostridia being taken over 
by Dr Muriel Robertson. In Malta he and his colleague Dr Elizabeth 
Lepper were fully occupied with the work of a busy routine laboratory 
and there was little opportunity for research, though he found time 
to produce papers on convalescent carriers in bacillary dysentery 
(1916) and on blackwater fever (1918). 

After two years’ service in the Mediterranean area he was recalled 
to serve on the Commission appointed by the War Office to study 
trench fever, a new disease which had appeared amongst the troops 
on all parts of the Western Front and to a less extent in the Near 
East. ' The work of McNee, Renshaw and Brunt (1916) bad shown 
that the disease could be transmitted to human volunteers by means 
of blood and that the infective agent was in the plasma or serum 
and associated with the washed corpuscles, but that Berkefeld 
filtration rendered serum non-infective. These facts were confirmed 
by the British Commission as well as by the workers of the Commission 
appointed by the American Red Cross. The British investigators 
also showed that the vector of the disease was the body louse, thus 
confirming the suggestion put forward independently in 1926 by 
McNee, by Hurst and by Korbsch. They further established that the 
infective agent was in the louse excreta and concluded from their 
experiments, in which a total of 72 volunteer subjects were used, 
that the bite of the louse did not convey infection, but that the virus 
was absorbed through skin damaged by scratching, Arkwright and 
his colleagues Bacot and Duncan (1919) confirmed the observation of 
TOpfer and others that lice which had fed on trench fever patients 
developed large numbers of rickettsias in the mid-gut and that these 
rickettsial, as da Rocha -Lima had observed, were to be found lying on 
the surface of the intestinal epithelium and not inside the cells as in 
the case of R. prowazeki. The name R. quintana had been proposed 
for this new species but doubt still existed as to its causal relation 
to trench fever, since a very similar form — R. pediculi — had been 
erroneously described as occurring in normal lice. It was the work 
of Arkwright and his colleagues (Arkwright, Bacot and Duncan, 
1919 ; Arkwright, 1919 ; Arkwright, 1924) which settled the question 
by showing that the two rickettsial were one and the same and. by 
establishing a constant relation between R. quiniana and the virus 
of trench fever. 
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With the disappearance of trench fever in 1918 this important 
investigation in which Arkwright had played such an outstanding 
part came to an end and he turned his attention to other species of 
rickettsite and moro particularly to R. prowazeki, the causal agent of 
louse-borne typhus. In this work he still had the collaboration of his 
entomological colleague Bacot and together they published papers on 
the rickettsi® parasitic on the sheep “ ked ” (1921) and on the bed-bug 
(1921). In thoir work on typhus, since the disease no longer occurred 
in this country, they had recourse to animals infected with human 
material obtained from Ireland. This imposed two serious handicaps ; 
the disease in both the monkey and the guinea-pig lacked any really 
characteristic features and the human louse could not be kept alive 
long enough on a diet of monkey’s blood to make it possible to study 
the development of the rickettsice after an infective feed. The latter 
handicap was overcome to some extent by feeding lice rectally with 
human blood after infection and by studying the development of the 
rickettsi® in the monkey louse. In these ways it was possible to 
confirm the constant relationship of rickettsise and infectivity and to 
make some observations on the morphology of R. prowazeki. But 
these two drawbacks imposed such a brake on progress that when in 
1922 they received an invitation from the Egyptian Government to 
study typhus in Cairo, where the disease was 'endemic, the invitation 
was accepted without hesitation. Disaster followed this venture, 
howovor, for they had proceeded only a short way with thoir in- 
vestigations when both contracted typhus. Bacot succumbed, but 
Arkwright, although a little the elder, recovered after a vory severe 
illness, a recovery attributable in no small measure to tho devoted 
attention of his wife, who nursed him through his illness. Back in 
London in the summer o’f 1922 he resumed work at the Lister, but 
apart from putting together for publication (1923) the observations 
ho and Bacot had made in Cairo his researches on typhus were ended 
and ho turned to other matters, amongst them virus diseases and in 
particular foot-and-mouth disease. 

In 1920 the Ministry of Agriculture and Fisheries appointed its 
second scientific committee to study- the virus of foot-and-mouth 
Uiseaso. At that time none of the small experimental animals was 
thought to be susceptible, mailing it necessary to work with cattle 
and, out of deference to agricultural opinion, which feared that 
infection might easily spread from the experimentally- infected beasts 
unless they were kept hi very strict isolation, the work was carried 
out on an obsolete warsliip and attendant lighter moored in the 
estuary of tho Stour at Harwich : Arkwright was put in charge. 
Investigation of this disease afloat presented very considerable 
difficulties and progress was slow. And since, in 1921, when the 
investigation had only just got under way, thcr Government was 
looking round for nil possible means of cutting down expenditure, this 
research venture was closed down and Arkwright returned to duty at 
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the Lister Institute. It was not long, however, before he was back 
at work on this problem, for in 1924 the Ministry of Agriculture 
appointed its third scientific committee to study this disease and 
Arkviright was chosen as one of its members. Sir Charles Sherrington, 
the first nominated chairman, resigned .owing to ill-health ' before 
taking up his duties and was replaced by Sir William Leishman. 
Leishman died within a year and Sir Charles Martin, who was appointed 
in his place, held this position until his retirement in 1931 when he 
was succeeded by Arkwright, who continued to direct the work of 
this committee up to the time of his death. But his contribution to 
research on foot-and-mouth disease was not merely that of an adviser. 
The ban on experiments on land had been lifted and work was not 
only started 'at the Ministry’s laboratories at New Haw and at their 
Cattle Testing Station at Pirbright, but a part of tbe committee’s 
research programme was located at the Lister Institute and placed 
under Arkwright’s direct supervision. The work was no longer 
confined to experiments on cattle, for in 1920 Waldmann and Pape 
had demonstrated that, contrary to the earlier work of Loeffler, the 
guinea-pig could be infected, an observation which Hobmaier con- 
firmed a year later ; this fact brought work on foot-and-mouth 
disease within the scope of a research institute such as the Lister 
and made the prospects of success much rosier. I had the good 
fortune to be seconded from the staff of the Lister Institute to work • 
with Arkwright on tins problem, the other members of the team 
being Mrs Gibbs (then Mrs Burbury), Sir Cfiarles Martin’s daughter, 
and H. B. Maitland, and the two years that I served in that capacity 
proved a most stimulating and enjoyable experience. Arkwright 
did much more than direct our activities for, until his retirement in 
1927, he devoted a considerable part, of his time to active participation 
in the investigations. He was not very able technically, for he was 
handicapped by a tremor which at times made fine work with his 
hands extremely difficult. But his broad scientific outlook and wide 
experience of microbiological research made Iris bounsel invaluable 
and it was invariably given with such courtesy and consideration 
that it obtained ready acceptance. The first task of Arkwright’s 
team was to confirm the susceptibility of the guinea-pig and this 
having been shown to be correct a study of the virus was begun. 
Amongst the points investigated were the filterabifity of the virus 
and its behaviour to heat, drying, ultraviolet light, chemical agents 
and changes in pH. The susceptibility of a number of rodent species 
which might play a part in the spread of the disease was explored 
and the mechanism of the immune state left on recovery from 
infection was studied. Observations were also made on the multiplicity 
of serological types in strains of virus isolated from outbreaks of the 
disease in the country and a beginning was made in an attempt to 
find some safe means of conferring active immunity. In this latter 
work the only promising vaccine was one in which the virus had been 



OBITUARY 


141 


inactivated by formalin in low concentration, confirming an observa- 
tion made by the French investigators Vallde, Carre and Rinjard. In 
April 1024 the German workers Froseh and Dahmen announced that 
they had succeeded in cultivating the virus on a simplo artificial 
medium, and it seemed to the Committee that this finding was of 
such outstanding' importance that arrangements were made with 
Professor Froseh for Arkwright and me to seo their work. AVe went 
to Berlin in July of that year and spent several days with Dahmen. 
Since my knowledge of the German language is by no means good 
I was relying on Arkwright to act as interpreter, but much to m 3 ' 
dismay I found on the occasion of our first meeting with Dahmen 
that Arkwright was just as much at a loss to understand him as I 
was ni 3 'se]f. Fortunately Dahmen and I found in French a common 
medium of communication and wc were thus able to get all the 
information we required. We left Berlin unconvinced as to the 
correctness of this claim to have grown the virus and back in this 
county we were not long in satisfying ourselves that the so-called 
colonies which the German workers had observed in their cultures 
were only artefacts which could be produced equally well if the 
medium was rubbed with n sterile platinum loop or inoculated with 
a solution of percldoride of mercury. It was characteristic of 
Arkwright’s generosity to his junior colleagues that he only put his 
name to one of the many papers in which this work was published ; 
he stood aside in order that they might have the credit for work 
much of which he had directly inspired. Arkwright’s brilliant research 
work did not of course go unnoticed ; it gained him the esteem of 
bacteriologists the world over and it also received well merited 
recognition in his election to the Fellowship of the Royal Sooiety 
in 1926. 

The last fifteen years of Arkwright’s life were largely devoted to . 
scientific administration and in this as in all else that ho undertook 
he gave of himself to the full. When the Agricultural Research 
Council was formed in 1931 Arkwright was chosen as one of its 
mombers and he gave invaluable service in this capacity for eleven 
years. He was chairman of the committee appointed b} r the A.R.C. 
to stud}’ Br. abortus infection so widespread in our dairy herds and 
ho was largely instrumental in founding the Field Research Station 
at Compton in Berkshire. He was also made chairman of the A.R.C.'- 
coinmittee on Jolme’s disease and reference has already been made 
to the long and valuable service which he rendered to the Ministr}’ 
of Agriculture in connection with foot-and-mouth disease, first ns a 
member and later as chairman of the third scientific committee 
appointed by the Ministr}’ to study this disease. 

■' In 1916 ho was elected to the Fellowship of the Royal College of 
Physicians and he served on its council from 1929 to 1931. He was 
equally active in the twin field of medical research ; in fact he was 
a great, exponent of the unity of veterinary and human medicine, 
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taking this theme for his presidential address to the Section of 
Comparative Medicine of the Royal Society of Medicine in 1932. 
He was made a member of the Medical Research Council in 1930, 
retiring after the normal period of four years’ service, and when the 
M.R.C. and A.R.C. jointly appointed a committee to study tuberculosis 
Arkwright was chosen as chairman. He succeeded Sir David Bruce 
as the Royal Society’s representative on the Governing Body of the 
Lister Institute, thus helping to shape the destinies of the' institute 
which he had served so long and so well as a member of its staff. 
It would have been surprising if such a record of service to veterinary 
and medical research had gone unrecognised by the State and in 1937 
Arkwright received a knighthood as some acknowledgment of all this 
valuable and unselfish work. 

Arkwright was a shj 7 and reticent person and this made him a 
little unapproachable ; even after working in close association with 
him for several years I did not know liim really well. But one soon 
learned that he possessed many very fine qualities. He was utterly 
sincere in all that he said or did so that one always knew exactly where 
one stood with him, and another outstanding quality was his modesty, 
which remained unaltered despite Ills many successes and achieve- 
ments. He was kindly and courteous, particularly to his junior 
colleagues whom he was always prepared to help in the most unselfish 
manner ; their advancement and success seemed to be of greater 
moment than his ora. And he was a most charitable person. I do 
not recall ever hearing him say anything harsh or unkind about other 
workers. A well balanced outlook and well informed mind made 
his conversation interesting and often illuminating, but he did not 
speak well in public ; in fact, unless he had prepared what he had 
to say, his contributions to scientific discussions were sometimes 
halting and possibly did not carry the weight to which their factual 
content entitled them. This lack of fluency and conviction as a 
speaker also showed itself, though to a less extent, in his committee 
work, and the fact that he was so much in demand in this respect was 
a great tribute to Ills erudition and extensive knowledge. 

• Apart from his work his principal interests were in tilings of the 
countryside. He was a good field naturalist and a keen gardener 
and when at the Lister Institute I often went with him to the Chelsea 
Flower Show or to the smaller exhibitions of the Royal Horticultural 
Society at Vincent Square. Ledingham, another enthusiastic gardener, 
was usually a member of the party and there was often heated 
discussion on the merits of different flowers, a subject on which 
Arkwright held very definite views. He had no use for flowers which 
were not of a true self colour ; the new delphiniums, for example, 
with their shades of mauve and purple were to him anathema an 
were rigorously excluded from the beautiful garden at his home in 
Purley, the care of which gave him so much pleasure and restful 
recreation. 
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A simple, kindly, good man and a grand colleague, lie was without 
an enemy and there must be many, like myself, who heard of liis 
death with genuine sorrow. Despite his great age he retained an 
agility of mind and body which was really remarkable ; it seemed 
that he would never grow old. Fortunately when the end came it was 
as the result of a brief illness ; he had remained in harness to the last 
— a fine record. 

In 1893 he married Ruth, second daughter of Joseph William 
Wilson and Harriet Anne Wilson (nee Moore) of Elmshurst, Kenley, 
Surrey. His wife before her marriage was a sister at Arkwright's old 
hospital, St Barthoiomew's, and of their three daughters, all of whom 
are married, two are members of the medical profession. 

S. P. Bedson 
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tCbomas 1benr\> Belt 

Born 19th July 1902. Died 7th March 1945 

Thomas Henry Belt, who died on 7th March 1945, at the age of 
forty-three, was Canadian born of British stock. A “ son of the 
manse ”, he was born in Ancaster, Ontario, where his father 
was an Anglican clergyman. He was a great-grand-nephew of 
Thomas Belt (1832-1878), mining engineer, geologist and explorer, 
whoso book The Naturalist in Nicaragua, published in 1874 and 
reprinted in Everyman’s Library, was described by Charles Darwin 
as “ the best of all natural history journals which have ever been 
published ”. T. H. Belt wont to school in Toronto, where ho 
matriculated with first class honours in 1919 and entered the University 
in 1922. In his fifth year lie was awarded the John MacCrae Memorial 
Scholarship and the following year became president of the under- 
graduate medical society. Ho graduated M.D. with honours in 1928, 
and in 1929 obtained the postgraduate degree of B.Sc. (Med.). After 
graduation lie spent two years as feliow in pathology under the late 
Oskar Klotz. He was then awarded a travelling fellowship and spent 
a year in Germany under Aschoff and Fischer-Wasels. On returning 
to Toronto in 1931, Belt rejoined tiie Pathological Department and 
held the post of lecturer in pathology until 1935, when lie became 
pathologist to the Toronto Hospital for Consumptives. From 1934 
to 1937 lie was coroner’s pathologist for the City of Toronto and in 
1937 ho was appointed senior assistant in morbid anatomy at the 
British Postgraduate Medical School. 

A competent morbid anatomist and histologist, Belt was a keen 
and shrewd observer and in his morbid anatomical work ho had a 
,vc “ balanced sense of proportion, which bis experience ns a coroner’s 
pathologist had doubtless helped to develop. He was a rapid and 
able dissector and a clear and logical expositor. 
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Belt’s published research work was contained in some twenty 
papers which fell mainly into three groups. His earlier papers, on 
yellow fever, were largely inspired by Klotz and were concerned 
with the changes in the liver and spleen in that disease and with the 
identity of the lesions in African and American yellow fever. His 
second important group of publications was concerned with pulmonary 
embolism, and here he broke new ground in demonstrating the 
frequency of this condition in a wide variety of chronic diseases and 
in showing the origin of these emboli in the leg veins. The pertinacity 
with which he sought for emboli in routine autopsies and the frequency 
with which this search was successful and the results displayed at his 
post-mortem demonstrations at the Postgraduate School, caused the 
condition to be labelled by his colleagues, in lighter vein, as “ Belt’s 
Disease ”. 

His contributions to silicosis were considerable and must be 
regarded as of lasting value. It was, in fact, his interest in this 
condition which led the late E. H. Kettle to desire to have Belt as 
one of his colleagues at the Postgraduate School. Much of this work 
was described in a series of papers appearing in the Journal over a 
period of several years. These presented the results of careful and 
penetrating histological analyses of both human and animal silicotic 
material, and undoubtedly led to a better understanding of the 
fundamental pathological process at work in the dust-ridden lung. 
Prominent among Belt’s contributions in this field was his discovery 
that crystalline particles of silica tended to disappear from the centre 
of the maturing human silicotic nodule while remaining visible at its 
periphery. This change of crystalline silica into an occult form has 
been referred to in the literature as “ the Belt phenomenon ”. His 
finding that the silicotic nodules produced experimentally in animals 
seldom progressed beyond the stage of retieulin formation and never 
presented the massive collagenous fibrosis of compact structure seen 
in human silicosis, led him to examine carefully the progress of both 
animal and human lesions and to look for an apparent arrest of the 
process in lungs which had been exposed to a highly modified silica 
hazard such as is seen in coal-miners. This he seemed to have found 
in the condition known as “ dust-reticulation ” in colliers. The 
Medical Research Council’s Special Report Series, nos. 243 and 250, 
contain considerable and well documented papers by Bolt on the 
pathology of coal-miners’ lungs and on the tissue reactions produced 
experimentally by selected dusts from the South Wales coal mines. 

Belt, was a vigorous personality, humorous and tolerant, a good 
teacher and a critical observer. His last years were clouded by ill- 
health and a good deal of unhappiness, but he will be remembered by 
his friends as the man he was before these shadows fell across his life. 

J. H. Dibee 
E. J. King 
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3ean ©uvj£wing 

Born 28th April 1897. Died 17th November 1944 

The death of Jean Orr-Ewing at the early age of forty-seven has 
deprived her College and the Oxford Medical School of a most valuable 
teacher and research worker. Her first contact with Oxford University 
was in 1916 when she became a student of Lady Margaret Hall and 
there carried out her preclinieal studies with considerable distinction. 
From Oxford she passed on to St Mary’s Hospital, London, for her 
clinical work, taking the Conjoint Diploma in 1923, and the Oxford 
B.M., B.Cli. degrees the following year. Several years of scientific 
work followed, partly in the department of pathology under Professor 
Dreyer and partly under Professor Peters in the department of bio- 
chemistry, leading to publications, chiefly in collaboration, on bacterial 
growth-promoting factors and on the glucose tolerance of rabbits. 

Her election to the Schorstein Research Fellowship in 1929 enabled 
her to pursue these and other researches, and in the same year she 
was appointed lecturer in natural science at Lady Margaret Hall. 
It seems that at this time she acted as tutor to all the Oxford women 
medical students, of whom there were not yet a great number. Later, 
in 1938, her College elected her to a tutorial fellowship, which she held 
till 1943, when growing ill-health forced her to resign. From 1932 
to 1939 she also held a tutorship in the Oxford Society of Home 
Students, now known as St Anne’s Society. In spite of heavy teacliing 
duties she always managed to spend time in scientific research on 
subjects ranging from the serological typing of diphtheria bacilli to 
ponioillin and the bacteriology of war wounds. During the work on 
diphtheria she was unlucky enough to sustain an accidental diphtherial 
infection, which left her with a slight permanent weakness of the heart. 

All her scientific work was characterised by untiring keenness and 
searcliing self-criticism ; while the high standard she required of her 
pupils inspired tho strong and scared the indolent into activity. 

Perhaps it was the too wido dispersal of her energies that prevented 
her from maldng a greater name in any one branch of medical science ; 
for sho was, in addition, a prominent member of the Oxford Ornitho- 
logical Sooiety, a very efficient tennis and hockey player, a groat 
climber of Swiss mountains and Lake-land rocks, and the organising 
leader of the University Women’s Iceland Expedition in 1934. 

Although from tho time of a serious surgical operation in 1943 
sho was increasingly aware that her life was threatened, sho came 
hack to work as bacteriologist in the Emergency Public Health 
Laboratory Service at Oxford, and persevered until her worsening 
condition made it physically impossible to continue. Though her' 
body was visibly breaking the cheerful fortitude of her spirit was, to 
tho end, the admiration and envy of her friends. 


A. D. Gardner 
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Trauma in internal diseases 

By Rudolf A. Steen. 1946. New York, Grune and Stratton : London, 
William Heinemann (Medical Books) Ltd. Pp. xviii and 675. 30s. 

This is an American revision of the same author’s “ liber traumatische 
. Entstehung innerer Krankheiten ”, ' Aufl. 3, Jena, 1930, modified by 
appropriate topical references to medical and legal practice. Altogether, 
there are some 2000 citations mainly from German and American sources. 

The keynote of the work is expressed best, perhaps, in the discussion 
of diabetes mellitus (p. 451) : “ . . . I would consider a causal relationship 
of trauma and diabetes as probable if the following postulates are satisfied ; 
1> Perfect health (in the accepted sense of the word) prior to the accident. 
2. Adequacy of the trauma, i.e. injury either of the pancreas or of the 
central nervous system or severe psychical trauma. 3. Development of 
the diabetes within a few days or at least weeks following the trauma. . . . 
By adopting these principles, compensability might erroneously bo 
’ acknowledged in a few cases ; but any other procedure might result in a 
flagrant injustice to an injured person. I do not need to repeat that in 
formulating these principles for practice, we do not pretend to solve the 
scientific problem of traumatic diabetes That is the rub, and it is 
constantly recurring through the gamut of internal diseases with which 
the author deals in detail. Nevertheless, a lucid exposition of the principles 
involved in assessing the practical significance of non-perforating trauma in 
internal diseases is copiously illustrated by critical case reports and legal 
judgments. Thus, this work should prove a valuable book of reference 
for medical referees and assessors and, indeed, for all medical witnesses who 
are concerned with Workmen’s Compensation eases. As the author 
emphasises in the introduction (p. xxii) : “ . . . cases which are the 
subject of expert opinion rarely fulfil those requirements which one demands 
for a scientifically sound opinion ”, This does not mean that the contents 
of the book are of little or no interest to the scientifically-minded reader. 
Apart from the intrinsic merit of the review of traumatic diseases (real or 
alleged) of the cardiovascular system, occupying nearly one-third of the 
v book, the wide cleavage between scientific and legal proof in respect of 
traumatic aetiology is a matter of constant interest and it is well that 
pathologists should be aware of it on the brink of a national health service, 
with or without social insurance. 

Injury and death of bacteria by chemical agents 

By Otto Rahn. 1945. Normandy, Missouri : Biodynanuca, Pp. 183; 
34 text figs. $3.60. 

In this monograph, dealing with the “ injury and death of bacteria by 
chemical agents ”, the author divides his work into three main parts. 
The first gives a clear account of all the known facts about the death o 
bacteria and the laws governing it. This can be regarded as a handy anil 
accurate resume of, as he calls it, the logarithmic order of death of bacteria. 
The second part deals with chemical disinfectants and their effects on 
150 
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bacteria. Although there is nothing new in this part, it also is a good record 
of chemical disinfectants and their actions. The third part of the book is 
concerned with antiseptics, their method of testing and the factors which 
govern the action of these bacteriostatic substances. 

In dealing with disinfectants and antiseptics the author clearly points 
out that there is great difficulty in accurately defining what is a disinfectant 
and what is an antiseptic. He appears to regard disinfectants as being 
lethal to bacteria whilst antiseptics inhibit their multiplication. The 
action of disinfectants he considers as something final and irrevocable 
whilst that of antiseptics is something which can be interrupted. He does 
indicate that there is considerable divergence of opinion on this latter 
point, as it is known that antiseptics under certain conditions can act as 
disinfectants and vice versa. Tlius he says “ a precise distinction between 
disinfectants and antiseptics is possible only by choosing an arbitrary time 
limit and by specifying the conditions ”. For assaying disinfectants he 
uses a comparison based on the phenol coefficient. The efficiency of anti- 
septics cannot be assessed with this technique ; thus no coefficient can be 
established for them. 

The first two parts of this work may be regarded as a very useful 
monograph on the causes of death of bacteria by chemical agontB ; the 
third part however does not come up to the same high standard. Although 
the author deals very accurately with the action of the sulphonamides and 
related drugs, there are omissions. Little is said about other drugs or their 
mode of action, or about the drug resistance of bacteria. This is to bo 
expected from any review of work which is still in progress and still as 
incomplete as the mode of action of bacteriostatic or chemotherapeutic 
agents. Nevertheless the book can be thoroughly recommended to all 
who are interested in disinfectants and bacteriostatic agents. 

What people are : a study of normal young men 

By Clark W* Heath, in collaboration with Lucien Brouha, Lewise 
W . Gregory, Carl C. Seltzer, Frederic L. Wells and William L. 
Woods. 1945. Cambridge, Mass. ; Harvard University Press : London ; 
Humplirey Milford, Oxford University Press. Pp. xvi and 141 ; 4 plates 
and 4 toxt figs. $2. 

Having postulated that normality represents a “ balanced, harmonious 
blending of functions that produco good integration ”, the author and his 
co-workers sot out to discover the nature of normal young men. Their 
techniques of investigation include a thorough physical examination, 
physiological tests of stability, e.g. basal metabolism, insulin tolerance and 
the like, an anthropological survey of body structure, psychological 
measurement of mental functions, a socio-economic anamnesis and several 
psychiatric interviews. Those methods were applied to a fow hundred 
undergraduates chosen from amongst those showing academic aptitudo 
or promise. 

Despite this apparently comprehensive approach, the results of the 
investigations are nebulous. This is duo not simply to the fact that 
Mr Heath presents his material badly but to bis conviction that “ normality ” 
can bo comprehended by studying various end-products of normal function. 
Ho is obsessed with the view that it is undesirable to approach the normal 
with criteria derived from study of tho abnormal, in particular from 
psycho-pathological data. The absurdity of this position is clearly brought 
out in bus statistical tables. When ho comes to classify normal 
characteristics, the author is compelled to isolato abnormal manifestations 
under separato headings, e.g. ** unstnblo ”, " asocial ”, u incompletely 
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integrated This of course begs the definition of the “ normal young 
man ” and is merely exasperating to any reader familiar with the relation 
between symptoms of mental disorder and regressions to earlier forms of 
“ normal ” function. 

But although Mr Heath conspicuously fails to fulfil the promise of his 
title-page, his very failure serves to call attention to the need for closer 
co-operation between organic pathologists and psycho-pathologists. 
Psycho-somatic investigations have been too long in the undisciplined 
hands of psychologists holding sketchy and tendentious views of organic 
function. Organic pathologists have an important part to play in psycho- 
somatic research and cannot reasonably justify their aloofness on the 
ground of ignorance of the elements of clinical psychology. Both disciplines 
are essential to advances in the debatable ground between the mental and 
the physical. 


Hay fever plants 


Edward Glover 


By Roger P. Wodehodse. 1945. Waltham, Mass. ; The Chronica 
Botaniea Co. : London ; William Dawson & Sons, Ltd. Pp. xix and 245 ; 
73 text figs. §4.75. 

This publication is vol. 15 of the “ New Series of Plant Science Books ”, 
edited by Frans Verdoom. It is a description of the hay fever plants : 
their appearance, distribution, time of flowering and role in hay fever, 
with special reference to North America, of purpose “ to interpret the 
botanical facts of hay fever in terms of their clinical significance 

The contents comprise the botany of hay fever, the hay fever plants, 
gymnosperms, angiosperms, monocotyledons, dicotyledons, regional pollen 
surveys, glossary, bibliography, and author and subject indices. The 
author — a well known authority on pollen and allied subjects — gives a 
competent and comprehensive description of the plants known to causo 
hay fever. The regional pollen surveys are limited to the United States, 
Canada and Mexico. The lay-out of the book has a peculiarly amateurish 
flavour (increased by the decoration of blank spaces in the title-pages 
with drawings of what at first sight appear to be knobbly cannon balls — 
presumably magnified pollen grains), and the occurrence of a printer’s 
error in the first sentence of the book is unfortunate. The numerous 
illustrations are poor and the production generally is much below the high 
standard that one has grown accustomed to expect of American scientific 
publications. 

The book should prove a useful reference work for the student of hay 
fever, to whom its appeal will naturally be limited. 


Kettle’s pathology ol tumours 

By W. G. Barnard and A. H. T. Robb -Smith. Third edition. 194o. 
London : H. K. Lewis. Pp. viii and 318 ; 191 text figs. 21s. 

The enduring quality of Kettle’s book is shown by the fact that a 
large part of the text and 158 of the 191 illustrations of this third edition 
are retained from the second edition of twenty years ago. The glazed 
i paper now used yields, with a few exceptions, better reproductions of the 
illustrations ; the new pictures are mostly photographs, without magnifica- 
tions or the optical details attached to Kettle’s drawings. The volume is 
laid out as before in three parts, on the general biology and general and 
special pathology of tumours. 

There is, of course, much more to be said now than then on such aspec 
as heredity and experimental carcinogenesis, and considering the ex en 
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of the field to be covered, the account is very succinct ; Kettle’s somewhat 
detailed account of the transplantation of tumours is now perhaps dis- 
proportionately lengthy in its new context. A new section on occupational 
cancer contains a convenient table of occupational cancers and their 
experimental equivalents. There is no reference to the work of Warburg 
and others on the metabolism of tumour tissue. The section on treatment 
obviously had to go, but it is a pity that the discussion on biopsies could 
not have been rotained. 

There is a now section on tumours of nervous tissue, concise and in the 
main clear, though some of us may fail to be convinced by the explanation 
of the difference between Schwannoma and neurofibroma. As might be 
expected, the authors have introduced a pithy account of bronchial 
carcinoma, and one of reticulosarcoma ; it seems a pity, however, that the 
familiar lymphosarcoma should have to become the lymphocytic reticulo- 
sarcoma. The classification of ovarian tumours has been brought up to 
date, and almost all the section on ductless glands is new. The term 
“ perithelioma ” appears now and then, and is very properly condemned. 
Might it not now disappear ? 

Proof correction has been inadequate ; some of the figures are wrongly 
oriontated and spelling mistakes are too frequent. “ Perineurcum v and 
“ endoneurcum ” each appear twice in five lines (p. 175), “ cartilagcnous ” 
four times (pp. 210-218), and the adjectival “ scirrhus ” (pp. 135 and 243) 
may exacerbate an already notorious student illiteracy. The book, howover, 
remains thoroughly readable, the information is accurate, and it should be 
popular with medical students. 

Clinical pathology 

By P. N. Panton and J. R. Mabhack:. Fifth edition, 1945. London : 
J. & A. Churchill. Pp. x and 450 ; 47 text figs, 49 figs. (38 in colour) on 
12 plates. 21s. 

Within the limits set by its sizo (the fifth edition is reduced from 502 to 
450 pages) and scope (the whole field of clinical pathology is covered), 
this book is likely to bo valuable to others than the export in providing 
reliable information about pathological processes and technique. It is 
pleasant to read, concise, critical and on the whole accurate. It inovitably 
suffers from compression but it is difficult to see which section could have 
been omitted without detracting from its claim to completeness. In tbo 
opinion of the reviewer, books containing more detailed information con- 
cerning a moro limited field are of greater value ns works of reference, even 
in a small laboratory, but where much information in a limited compass is 
required, this book could hardly bo surpassed. 



PROCEEDINGS OP THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

4th January 1946 

The seventieth meeting of the Society was held in the Medical School of the 
Westminster Hospital, London, on Friday, 4th January 1 946. 

Communications and demonstrations 
' The item marked with an asterisk is abstracted below. 

A. C. Lendrum. Pulmonary hemosiderosis. 

R. A. Willis. Intra-pericardial teratoma in a child. 

L. Dmochowski and R. J. Ledford. Experiments in the treatment of trans- 
plantable tumours with stilboestrol. 

A. M. Barrett and L. B. Cole. Malignant pulmonary hypertension. 

I. Doniach. Combined anterior pituitary necrosis and bilateral symmetrical 
cortical necrosis of the kidneys following concealed accidental 
hemorrhage. 

A. Elkeles and L. E. Glynn. Mitral stenosis associated with parenchymatous 
ossification in the lungs. 

D. M. Pryce. Dating of lower accessory lung. 

R. D. Passey. Addison’s anaemia and gastric carcinoma. 

A. D. Telford Go van. Observations on acidosis due to ammonium chloride. 

R. A. M. Case. Toxic effects of 2, 2-bis (yj-chlorphenyl) 1, 1, l-trichlorethane 
(D.D.T.) in man. 

A. W. Gledhill. Some properties of a thermolabile antigen of Erysipclolhriv 
rliusiopaihice. 

E. P. Abraham and E. S. Duthie. Effect of the hydrogen-ion concentration 

of the medium on the activity of penicillin, streptomycin and other 
chemotherapeutic substances. 

D. F. Cappell and G. Harvey-Sjuth. Histological sections from sternal 
puncture biopsy. 

A. W. Badenoch and E. M. Darmady. Partial occlusion of the renal artery 
in rabbits and its relation to traumatic uraemia. 

A. J. Rhodes, S. W. G. Hargrove and J. H. Fodden. A case of malignant 
' granuloma of the nose. 

A. J. McCall. A case of cystic pneumatosis of the intestine. 

Sheila Callender and R. R. Race. Transfusion made difficult. 

A. E. Mourant and R. R. Race. Charts illustrative of Rh genes, antigens and 
antibodies. 

*J. C. White. An improved method for the histological examination of sternal 
puncture material. 

Lhcy D. Meyrick. Bilateral primary carcinoma of the fallopian tubes. 

H. H. Sai.aman. The association with the gonococcus of structures typical 
of organisms of the pleuropneumonia group. 

Dorothy S. Russell. Rhabdomyosarcoma of petrous bone in a girl of four, 
with metastasis to lungs and bones. 
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Abstract 


578 . 67 : 6l I — 018 . 46 

AN IMPROVED METHOD FOR THE HISTOLOGICAL 
EXAMINATION OF STERNAL PUNCTURE MATERIAL 

J. C. White, J. R. Baker and J. G. Griffin 
From the Department of Pathology, The British Postgraduate Medical School 

Sternal puncture is now a widely practised procedure which yields most 
valuable information on the detailed cytology of the bone-marrow, particularly 
by means of Romanowsky-stained dry films. Histological sections of the bone- 
marrow during life provide much additional insight into the quantitative and 
qualitative changes in the myeloid elements in disease, particularly indicating 
increased or decreased degrees of cellularity which are difficult to gauge from 
examination of films and total nucleated coll counts alone. Sections may be 
prepared by suitable manipulation of the mixture of blood and semi-solid 
cellular material obtained by sternal puncture, or by sternal biopsy, in which 
the outer plate of the sternum is trephined and the marrow cavity curetted ; 
the material obtained by the latter procedure wall usually require decalcification 
beforo it can bo stained. 

Custer (1933) lias described sternal biopsy and gives details for the 
preparation and interpretation of sections. The method gives an adequate 
amount of material, which is rather more likely to be representative of the 
marrow as a whole than the small sample obtained by puncture, but it has 
tho disadvantage of being a more complicated procedure requiring surgical 
technique, with more disturbance to tho patient than sternal puncture. This 
is a very simple operation and very safe, provided that proper aseptic precautions 
are observed. 

Tho material obtained is almost invariably free from bony spicules and 
requires no docalcification, but tho marrow fragments are very small and 
difficult to handle. For the preparation of sections, Davidson (1941) recommends 
allowing the aspirated material to clot in a watch-glass, removing the clot to a 
small piece of tissue popor and fixing. Mertens (1945) has recently described 
a method in which tho samplo is allowed to clot in tho syringe used for aspiration, 
followed by fixation of tho coagulum. A comparison of the results from films 
and sections has been made by Mulligan (1942). 

Tho following method 1ms been dovelopod as a means whereby both films 
and sections may bo obtained at a singlo puncture with a minimum of 
manipulation. It gives excellent material for comparative study. 

1. Sternal puncture is performed in tho usual way, using a Salah nccdlo. 
Not moro than 0*2 c.c. of marrow' is aspirated into a 2 e.c. Record syringe. 

2. Films aro prepared by carefully expelling small drops of marrow from tho 
syrmgo on to clean dry slides, sucking back excess of blood and spreading at 
°nee, preferably by nn assistant. From 12 to 18 films can usually bo made and 
treated by drying in tho air and staining with Jenner-Loisliman or other 
suitable stain. Alternatively wot fixation and staining may be used. 

Tho mnterinl remaining in tho syringe (rather less than half) is rapidly 
expelled from tho vertically hold sj-ringo into tho fixative contained in a 15 c.c. 
conical centrifuge tube with a moderately wide bottom. The fixative which 
nos been used is n mixture of 9 c.c. of nbsoluto motliyl alcohol and 1 c.c. of 
neutral formol (40 per cent.). Particles of marrow rapidly settle to tho bottom, 
^'Inlst blood clot forms a suspension entangling moro marrow. 
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4. Within a few minutes of taking the sample the tube is centrifuged at 
3000 r.p.m. for 10 minutes, giving a disc of marrow and clot at the bottom of 
the tube. Fixation is allowed to proceed for 12 hours. 

5. Pour off fixative and replace by two changes of absolute ethyl alcohol 
for three hours each. 

6. Replace with a mixture of equal parts of absolute ethyl alcohol and ether 
for two Iiours. 

7. Replace by 1 per cent. Necol (1 per cent. Necol 350 A/9 in 50 : 60 absolute 
ethyl alcohol and ether) or 0-25 per cent, celloidin overnight. At first the tube 
is gently inclined at intervals to ensure good infiltration. 

8. Pour off the Necol and invert the tube, leaving to drain for 3-5 minutes, 

9. Cover the marrow with chloroform for 3-5 minutes to harden. 

10. Detach the cast of marrow from the bottom of the tube. This was at first 
effected by a mounted needle and platinum loop, but it has been found that 
gently warming the bottom of the tube over a Bunsen flame frees the tissue 
completely. Leave for a further five minutes. 

11. Pour off the chloroform and replace by benzene for 1 hour. 

12. Embed in 3 changes of paraffin wax for 1 hour each. 

13. Block edgeways, as the marrow is mainly on one side of the disc, and 
cut sections at 3 p. 

It is important to cut the sections with a slow action to avoid crumpling. 

Staining of the sections may be carried out by any suitable method. Good 
results have been obtained with Weigert’s iron hscmatoxylin and eosin-yellowish, 
Jenner-Giemsa stain for sections, Delafield’s htematoxylin and azur-giemsa, 
Hynes’s modification of Leishman’s stain and by methods for reticulin im- 
pregnation and inorganic iron (Perl’s reaction). 

Sections containing marrow tissue surrounded by blood clot are obtained. 
The preservation of the marrow architecture is good, and sufficient material is 
obtained to study the leuco-erythropoietic elements and their relationship to 
the fat spaces and capillaries. In conditions with hyperplastic marrows such 
as pernicious aummia and the leukemias, particularly extensive sections are 
obtained. As sternal puncture can be performed repeatedly, changes in the 
marrow histology can be followed. 

The methyl alcohol-formol fixative has been found to be rapid and effective 
and little shrinkage of tissue occurs. The use of other fixatives, including 
Zenker’s, is being investigated in an attempt to obtain improved preservation 
of the red cell series. 

Grateful acknowledgment is made to Prof. J. H. Dible for his interest in 
this work and to Dr G. J. C. Britton for a suggestion initiating it. 


Ctjster, R. P. . 
Davtdson, L. S. P. 
Mertens, Elizabeth 
Mulligan, R. M. . 
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THE SYNDROME OF LEUKANJ 3 MIA : 
REPORT OF A CASE 

Henry Foy and Athena Kondi 
(of the Wellcome Trust Research Laboratories, Thessaloniki) 

and J. F. Murray 

The South African Institute for Medical Research, Johannesburg 

(Plates XV-XVH) 

Few cases of Icukanaimia havo been recorded in the literature. Of 
these only a minority conform to von Leube’s original syndrome in 
which features of pernicious ancemia and myeloid leuktemia co-existed 
without the full picture of either being present (von Leube, 1900). 

Many of the reported cases give such incomplete data that no exact 
conclusions can be drawn as to the true nature of the blood condition : 
some, for example, refer to a pernicious anaemia picture but do not 
give so much as a red cell count. In some cases (Kimura cl at., 1940), 
although an erythroid reaction has been present, it has in no way 
resembled that of pernicious anaemia. The nature of reported cases 
's furthor confused by the tendency of some authors to report a 
pernicious anremia-liko picture merely because of a liigh colour index. 
In many cases the evidence for truo megaloblastio pernicious-like 
anaemia (as distinct from a macrocytic anaemia) is scantj'. Frequently 
A is not clear whether authors are referring to megaloblasts of Ehrlich 
(whose presence in the bone marrow we consider essential for this 
diagnosis) or the megaloblasts of American authors (Sabin, 1921 ; 
Iloan cl al., 1925), which are normal precursors of erythroid cells in 
tiie marrow and correspond to the pro-erythroblasts of British authors 
(Israels, 1939). 

Davis and Fitz-Hugli (1939) have described the occurrence of 
niacrocytosis in 3 of 20 cases of straightforward leukaemia. No 
question of pernicious aniemia arose and these cases, as the authors 
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point out, were not cases of leukansemia but of leukaemia in which 
macrocytosis was present. Forkner (1938) states that in leukaemia the 
anaemia is usually of the normocytic type. Rich and Schiff (1936-37) 
have described a 'case in which two independent diseases, pernicious 
ansemia and chronic lymphatic leukaemia^ co-existed. Sinek and 
Kohn (1930) describe the co-existence of pernicious antenna and 
chronic myeloid leukemia. Seemann and Krasnopolsld (1926) have 
used the term leukansemia to describe cases showing a leuco- 
erythroblastic reaction. None of these conforms to the sense in 
which von Leube used the term. 

Finally there are the cases which correspond to von Leube’s 
original description by simultaneously presenting features of leukaemia- 
like and of pernicious ansemia-like (megaloblastic) blood and bone 
marrow. Of the 31 cases we have found in the literature, including 
von Leube’s original case, only 9 appear to us, from the data available, 
to be acceptable as leukansemia in the original meaning of the term. 
These are the cases described by von Leube (1900), Luce (1903), 
Parkes Weber (1904), Mattirolo (1905), Drysdale (1907-08), Treadgold 
(1913), Symmers (1921), and the 2 cases of Siebke (1927). Even in these 
cases a description of the “ megaloblasts ” which were present is not 
given and it is difficult to know whether to accept them as megaloblasts 
of Ehrlich or not. As all except two of the papers precede those of 
Sabin and of Doan et al., who use the term megaloblast for the 
precursors of normal erythroid cells, we presume that it is to the 
megaloblasts of Ehrlich that the authors refer. The cells for which 
we reserve the term are the typical Ehrlich’s megaloblasts with very 
fine network, open nuclei and smooth hsemoglobinised cytoplasm 
(Turnbull, 1936 ; Schulten, 1937 ; Israels, 1939), 

We are in agreement with Drysdale that leukansemia, as a disease 
sui generis, does not exist, the cases which conform to von Leube’s 
description being either atypical pernicious anaemia or atypical 
myeloid (usually myeloblastic) leukaemia. At the same time we think 
the term a useful one by which, in the original sense of von Leube’s 
definition, to indicate a haematological condition in which there 
co-exist a pernicious anaemia-like and a leukaemia-like blood picture, 
with corresponding marrow disorder of the erythroid and myeloid 
tissues. 

We present the following case record because it corresponds to the 
original description of the syndrome and because it raises certain 
questions relating to the maturation of the erythroid and myeloid cells. 

Case eeeoet 

Clinical history 

airs. O. E. C. Female, net. 24 years. 

Previous history. Scarlet fever and measles in childhood. “Abscesses 
in both ears at 7. tonsillectomy at 14 and appendicectomy at 18. Laryngitis 
18 months previously. E"o history of drug medication, sedatives, headache 
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Plate XV 


LEUKaV;EMIA 



Fjq. 1 — Bono marrow showing normoblastic crjthropoiesig \\ right’s stain 
X1000 






}■ lo 2 — Bono 


marrow showing megaloblastic crj thropoiesi* 


\\ right’s st-ain X 1000 
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powders (other than aspirin), radiation therapy or benzene contact was 
elicited. 

The patient, a primipara in the fifth month of gestation, was admitted to 
a nursing home on 17.8.42 with generalised cedema. She also complained of 
acute abdominal pain, vomiting and severe headaches. “ Spots in front of 
the eyes ” were followed 3 days later by’ blindness in the left eye due to retinal 
lupxnorrhage. There was bilateral papillcedema. Blood pressure was 180/105. 
The urine was heavily loaded with albumin. The case was diagnosed as toxaemia 
of pregnancy and abortion was induced by rupturing the membranes on 
18.8.42. The child was bom alive but died 7 hours later. There was very 
little blood loss. The only hrematological investigations carried out at this 
time were : hemoglobin 37 per cent. (5*2 g. per 100 c.c.), erythrocytes 
1,890,000 per c.mm. (20.8.42). Anahremin (I c.c.) was given daily. The only 
other therapy was luminal grain 1 node . The table show's the blood count 
on 3.9.42. 

Table 


Hccmatological findings 


it) 


gsemostoliin ( K percent 

Erythrocytes (millions) 
IfncoetrtM (thousands) . 
Myeloblasts (per cent ) 

Pro- myelocytes (j* r cent y 

> myelocytes (per cent > . 
f* myelocytes (per cent ) . 

> 'rJ? e , UmycloC5tcs <l*r 

cent.) 

metamyelocytes (per 
i rent) 

| Stab cells (per rent ) 
segmented neutrophils (per 

I <*nt ) 

Eosinophils (per cent ) 

L. mononuclears (per cent ) 


(per cent ) . 
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• Bone marrow (" Leucocytes " — total nucleated cells) 

I Betlculocytes on 20 0 42 and 1 10 42 were 14 per cent Between 4 5 43 and 20 5 43, during Intensive 
lh tr they fluctuated between 1 and 0 6 per cent 

iii 21 c paramyeloblasts were observed In peripheral blood films 
ill Platelets on 7.6 43 were 37,700 per c mm 
,v « CV. on 29 0 42 was 100 c U: on 29 4 43 110 c H 
v 31 C D (Price- Jones) : 

29 9 42 7 5 /i ; a — 0 91 ft ; Macro “08 per cent ; V •» 12 per cent. 

, 18 12 *2 7 1 /i ; a * 0 46 ft ; V *■ 6 5 per cent. 

Indirect positive Bijmans van den Berglt reaction was given on £9 0 42 and IB 12 42, when serum 
bilirubin was 1 8 and 2 0 mg per 100 c c respectively. 

Twenty-seven days after admission tho patient left tlie nursing homo fairly 
^ell, though still dyspnceic and confined to bed most of tho time. On 17.0.42 
sno re-entered the nursing homo because of “ acute omcroia ”, A blood count 

*®*®*^2 showed no appreciable improvement in hemoglobin or red cells 
ttaolo). a fow immature myeloid colls were again found in the blood smear. 

no clinical response to intensified liver therapy being unsatisfactory bono 
marrow* (fig. lj Wfl3 submitted to us for erominaiion (29.9.42), with the results 
* own in tho table. The peripheral blood on tho some day showed 5*0 g. per 
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100 c.c. haemoglobin and 1-47 million erythrocytes per c.mm. Total leucocytes 
were 6000 per c.mm. 

When the case first came under our observation (1.10.42), the patient had 
already received liver therapy. As a result of this the megaloblastic nature 
of the erythroid reaction in the marrow received on 29.9.42 was not clearly 
apparent (fig. 1). After a long search 1 or 2 rather doubtful megaloblasts of 
Ehrlich and scanty giant stab cells were observed. On the basis of these cells 
and the macrocytic anaemia, we regarded the case as one of megaloblastic 
macrocytic hypercliromic anemia in which the typical picture had been 
obscured by liver treatment. It has been our experience that giant stab cells 
persist in the marrow of cases of pernicious anremia after liver therapy is 
instituted for a longer period than megaloblasts. We have found them useful 
in making a diagnosis of megaloblastic anremia in retrospect when, in other 
respects, therapy had obscured the hematological picture. The longest period 
after which we have observed giant stab cells in the marrow after commencing 
therapy in a definite case of pernicious anremia is 12 days. In this case our 
assumption, based on these cells, seemed to be confirmed when the patient's 
blood picture improved steadily with liver therapy. Unfortunately reticulocytes 
were not followed on this occasion but on 29.9.42 and 1.10.42 were 14 per cent. 
Treatment consisted of a blood transfusion (1500 c.c.) and liver therapy 
(Anahremin and Procythol Forte). The table shows the blood on 6.10.42. 
Fragility of the erythrocytes in hypotonic saline was normal. 

The patient was discharged on 14.10.42. She remained fairly well and was 
seen by one of us (H. F.) on 18.12.42. Her blood contained 9-9 g. per 100 c.c. 
of haemoglobin and 3,630,000 erythrocytes per c.mm. 

From this date until February 1943 she remained well and had no liver 
therapy. At the end of February, while on holiday, she developed tick-bite 
fever, with high temperature and body rash, and returned to Johannesburg 
in March acutely ill. She was admitted to a nursing home on 7.3.43. An 
immediate transfusion of 2000 c.c. of whole blood was given without reaction. 
As she improved greatly after the transfusion, no blood examination was 
carried, out and she was not seen by us. Subsequently her condition slowly 
but steadily deteriorated. On 28.4.43 she was admitted to hospital complaining 
of severe palpitation, vomiting, headaches, weakness, dyspnoea, fatigability, 
loss of weight (126 lb. as compared with 168 lb. in January 1942) and profuse 


night sweats. 

On examination the patient was noted to be pale, with a yellow tint of skin. 
She was dyspnoeic and obviously very ill. The state of nutrition was good. 
There was slight clubbing of the finger tips, puffiness of the face (especially 
under the eyes) and some oedema of the ankles. Mucosre and conjunctiva? 
were very pale but no ulceration of the mucous membranes was found . The 
teeth were in fairly good condition and there was no sponginess or bleeding 
of the gums, which were firm and healthy. The tongue was moist and furre . 
There was no glossitis. Apart from a precordial systolic murmur nothing of 
note was found on examination of the cardio-vascular system. Blood pressure 
was 136/90. The lungs were normal on percussion and auscultation. Nothing 
abnormal was detected in the central nervous system. There were no palpab e 
lymph nodes. No petechias were found in the skin but one or two ecchymoses 
were present on the legs. There was definite sternal tenderness. The spleen, 
which was firm but not tender, was palpable 3 fingers’ breadth below the costa 
margin. The liver was not enlarged. The ophthalmologist reported that the 
left eye was blind, while the right showed macular hremorrhage apparently 
undergoing absorption, and one other small round retinal hremorrhage. 

Laboratory tests on 29.4.43 showed 4-5 g. per 100 c.c. hremoglobm m the 
peripheral blood, with 1-11 million erythrocytes and 3300 leucocytes per c.mm. 
Thirty-nine per cent, of the leucocytes were myeloblasts ; 2 per cent, neutropnu 
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Flo. 3. — Peripheral blood showing numerous myeloblasts. Total loucocyto count 
30,000, with 83 •5 per cent, myeloblasts. Wright's stain, x 1000. 
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myelocytes ; 2 per cent, neutrophil metamyelocytes ; 27 per cent, stab cells ; 
3 per cent, polymorphonuclears and 22 per cent. lymphocytes. In addition, 
63 erythroblasts and normoblasts and 6 megaloblasts of Elirlich were observed 
per 100 leucocytes. Five per cent, of the nucleated cells in the peripheral blood 
-were unidentified. The M.C.H. was 40*5 yy and the M.C.V. 110 c./t. The 
differential count of the bone marrow, which contained 28,400 nucleated cells 
per c.mm., is shown in the table. 

The bone marrow now showed an even more marked erythroid reaction 
than it had done 6 months previously and the reaction was definitely megalo- 
blastic in tjrpo (fig. 2). The myeloblasts in the marrow were 4*2 per cent, 
although the blood showed 39 per cent. In view of the definite macrocytic 
hyperchroraic anaemia with numerous megaloblasts of Ehrlich in the blood and 
marrow, we interpreted the immature granular cells as a myeloid reaction in 
pernicious anaemia. The Hijmans van den Bergh reaction (2*0 mg. per 100 c.c.), 
the strongly positive Schuum test, the high M.C.V. (110 ^ 3 ), M.C.H. (40 yy), 
M.C.H.C. (35*2 per cent.) and C.I. (1*4), and the abnormal myeloid/erythroid 
ratio with erythroid predominance in the marrow, seemed to confirm this 
view. 

As the patient was too ill for a gastric analysis, liver therapy was immediately 
instituted. The reticulocytes were counted daily by the wet technique. Over 
a period of 24 days they did not exceed 6-5 per cent, in spite of adequate 
therapy with 3 different brands of liver extract (Anahremm, Keticulogen and 
Examen). Four weeks later (3.6.43), tender enlargement of the cervical glands 
appeared. The temperature began to swing and for the remainder of her illness 
remained between 100° and 104° F., except for an occasional brief fall to 
normal. A feature of the case was the frequent heavy sweats which became 
moro marked as the disease progressed. 

Because of the failure to respond to liver therapy the diagnosis was reviewed 
(3.6.43). The blood leucocytes had now increased to 23,000 from tho previous 
feucopenia. The persistently enlarged spleen and the high temperature cost 
farther doubt on the diagnosis of pernicious anocmia. No focus of infection 
could bo found. A gastric analysis showed free acid (—23 c.c. N/10 NaOH) 
30 minutes after histamine, thus ruling out true pernicious anremia. Tho 
resting juico showed no free acid. Tho whole of the sternum was now exquisitely 
tender, suggesting leukaemia. We have never noted this sign in pernicious 
anajmia but find it in a high proportion of cases of leukaemia. On 4.6.43 small 
glands became palpable in both axillae, tending to confirm the revised opinion 
that wo were dealing with a case of atypical leukaemia. Another sternal puncture 
was therefore carriod out (7.6.43). It showed a complete change of picture 
(fig. 4). The bono marrow now contained 123,800 nucleated cells per c.mm. 
of which 80 per cent, were myeloblasts and tho M/E. ratio was 21:1. Megalo- 
blasts of Ehrlich were present but very scanty. Indeed all erythroid cells had 
almost completely disappeared, to be replaced by 80 per cent, of myeloblasts. 
The latter cells were peroxidase -negative. Their characteristics aro described 
under tho section on histology. The peripheral blood on tho same day showed 
30,000 leucocytes per c.mm., of which 83*5 per cent, were myeloblasts (table 
and fig. 3). 

On these findings the case was diagnosed as one of acute myeloblastic 
leuktcmia with atypical onset and course. From this time on tho peripheral 
blood showed 30,000 to a terminal 189,000 leucocytes per c.mm. Myeloblasts 
always formed 80-90 per cent, of tho total. Paramyeloblasts, which Schuften 
regards as pathognomonic of myeloblastic leukaemia, were observed on 21.6.43 
and 24.6.43. Auer bodies were present in the cytoplasm of tho myeloblasts 
on 15.G.43. 

On 16.6.43 the glands on the left sido of tho neck became exquisitely tender 
and considerably enlarged. A week later there was induration, swelling and 

Jocts. or riTH.— tol. Lvm X* 2 



162 H. FOT, A. KONDI AND J. F. MURRAY 

erythema of th 0 left side of the face and neck suggesting abscess formation. 
Un b.iAS the patient collapsed, became stuperose and developed persistent 
hiccough. Death occurred on 18.7.43. 


Autopsy 

Post-mortem examination was carried out by Dr B. J. P. Beclcer 24 hours 
after death. The significant findings were as follows. 

Heart. Acute bacterial endocarditis involving the aortic valves. 

Spleen much enlarged (1430 g.). It showed a fibrinous exudate on tbo 
surface. On section it was a dull reddish colour and showed obliteration of 
the Malpighian follicles. Multiple pale infarcts were present and some were 
septic. 

Liver much enlarged (2275 g.) and showed fatty change. 

Bone inarrow in the sternum, ribs and femur was soft and of a greyish red 
tinge. In the femur active marrow had extended throughout the length of the 
shaft, causing thinning of the cortical bone. 

Lymph nodes throughout the body were enlarged, soft and of a pinkish grey 
colour. The glands in the left cervical region were septic and had formed a 
large abscess. 

Histology 

The marrow in the femur and rib (figs. 5 and 6) is grossly hyper- 
cellular and shows very active mitosis. The increased cells are mainly 
large mononuclear cells similar to those noted in the vessels and in 
the lymphoid and splenic tissue. Some eosinophil myelocytes are 
present but erythroid tissue is inconspicuous. There are numerous 
megakaryocytes. 

The liver shows infiltration by large mononuclear cells which are- 
found mainly in the sinusoids. The splenic pulp is packed by similar 
cells but the follicles (which are inconspicuous) show no infiltration. 
The structure of the lymph glands is destroyed and their substance 
occupied by the abnormal cells. In the kidney the mononuclear cells 
are found only in the lumen of the vessels and not in the interstitial 
tissue. 

The large mononuclear cells which are present in large numbers 
in the bone marrow (fig. 6), spleen and lymph nodes and in the vessels 
of all the organs examined, show the following characteristics in 
paraffin sections. They have central nuclei occupying -4/oths of the 
cell. With Wright’s stain, the nuclear chromatin is reticular, with 
nodal thickenings and rather inconspicuous nucleoli. The nuclear 
membrane is well defined. The nucleus is generally round but not 
infrequently indented, irregular and sometimes folded. The cytoplasm 
is smooth, agranular and weakly eosinophilic. In smear preparations 
of marrow taken during life and stained by Wright’s method (fig. 4), 
the blast cells are 17 or 18 p in diameter. The cell border is well 
defined and shows no pseudopodia-like structures except where there 
is distortion of the cell. The basophilic cytoplasm stains most deeply 
at the periphery and shows an area of perinuclear pallor. The most 
immature cells are agranular, but azurophil granulation is present in 
the majority. The granules increase in number and size as the ce 
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matures towards the pro-myelocyte, which contains numerous granules. 
Occasional Auer bodies are present. The nucleus, occupying 4/5ths 
of the cell, is, as in paraffin sections, round or oval and occasionally 
indented, but shows no folding. Where there is no compression by 
neighbouring cells the nucleus is central. The chromatin is fine and 
leptiform and no nodal thickening has been observed. Nucleoli are 
usually two in number, occasionally single, but aro frequently more 
numerous, with a maximum of 0. Thoy are clearly defined but 
seldom show paranucleolar condensation of the nuclear chromatin. 
The nucleoli aro oval and where several occur in one cell nro unequal 
in size. All gradations of cell maturity aro seen from the myeloblast 
through the pro-myelocyte to the mature cells of the myeloid series. 
The myeloblasts are peroxidase-negative. 


Discussion 


The only case we have found in the literature almost identical 
with ours is that roported by Treadgold. In it there was the same 
clinical course, with a leucopenia at the onsot and torminnl leuco- 
cytosis with a high myeloblast count in the peripheral blood. The 
autopsy and histological findings were also similar. ' 

The possibility of the coincidental existence of pernicious anfemia 
and of leukaemia does not arise in our case ns the presence of free acid 
in the gastric juice ruled out pernicious anaemia (cf. Wintrobe, 1942). 
Nevertheless there was abnormal maturation of the erytliroid cells 
as evidenced by tho presenco of megaloblnsts of Ehrlich. It seems 
obvious, in retrospect, to accept the case as one of leukaemia from the 
onset, but it is difficult to reconcile this with tho abnormal myeloid/ 
eavtlirokl ratio with an excess of erythroid cells on 29.9.42 and 
29.4.43 and the numerous megaloblnsts of Ehrlich in the bone 
marrow. As pernicious anaemia did not exist in this case and the 
question of coincidence therefore does not arise, there existed a 
< isease entity distinguished by macrocytic hyperchromic anamna 
(with megaloblasts of Ehrlich in the marrow) and myeloblastio 


uraemia. The possibility of the whole syndrome being duo to 
pathological maturation (? deficiency of some unknown hsemopoietic 
a °rv ° r ^ a0 ^ ors ) ^’ill be discussed later. 

From the reports of the 9 cases winch we regard as probably 
eu'nnaimia, some points deserve emphasis. As a rule it is a 
anuestation of atypical leukmmia — one which is usually acute and 

u io myeloblastio type. The leucocyte count in the peripheral blood 

^eatly from case to case and at different times in the same 
(Treadgold). There is a macrocytic hyperchromic amemia wdiicli 
as its background a megaloblastic ohange in the bone marrow. 

^ le marrow may show a predominantly myeloid or a 
med myeloid and megaloblastic change. 

uucally the cases are acute. The patients are pale, with a 
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yellowish tint of the skin and there is slight generalised oadema, 
particularly under the eyes. Retinal hfemorrhages are present. There 
is splenomegaly and the lymph glands are enlarged. Tenderness of 
the bones is often a prominent sign. Gastric aclilorhydria may or 
may not be present. It is clear from our case that liver therapy can 
lead to masking of the megaloblastic reaction in the bone marrow, 
but does not necessarily cause the reticulocytosis seen in cases of 
pernicious anaemia. 

At autopsy the findings are those of leukaemia with, in cases which 
have not been treated with liver, a megaloblastic change in the 
marrow. Absence of siderosis in the fiver has been emphasised by 
some authors (Symmers ; von Leube ; Drysdale) ; others (Treadgold ; 
Siebke) have shown its presence, as in our own case, where it might 
have been due to the numerous transfusions. No such explanation 
can apply to the cases of Treadgold and Siebke. 

A particular point of interest raised by this case is the presence 
of megaloblasts, giant stab cells and increased myeloblasts in the 
same marrow. It has been suggested that the red cell changes in 
leukanEemia are due to a disturbance of erythropoiesis by the 
proliferating myeloid tissue (Whitby and Britton, 1942). In our ease, 
however, the erythroid disturbance existed at a time when myeloid 
proliferation in the marrow was inconspicuous. Megaloblasts of 
Ehrlich are known to occur as the result of defective maturation of 
the erythroid series. Dameshek and Valentine (1937) suggest that 
whatever deficiency is responsible for the abnormal maturation of the 
red cells also affects white cell maturation, with production of bizarre 
forms of “ metamyelocytes ” (giant stab cells). These, as we have 
pointed out (Foy and Kondi, 1943), are just as characteristic of 
macrocytic anaemia as are the megaloblasts of Ehrlich. 

In pernicious anaemia, the absence of a known haemopoietic 
maturation factor leads to defective maturation of erythroid cells 
and aberrant maturation of myeloid cells. In agranulocytosis, whose 
pathogenesis appears to he a maturation arrest of the myeloid cells, 
the predominant cells in the hone marrow are the pro-myelocytes and 
myeloblasts (Wintrobe). In the case recorded above all these forms 
of aberrant cell maturation were present. Megaloblasts of Ehrlich, 
giant stab cells and numerous myeloblasts occurred simultaneously 
in the marrow throughout the disease, though at one time the megalo- 
blasts predominated and at another the myeloblasts. Jones (1943) 
has suggested that megaloblasts may be formed from myeloblas s 
(lymphoidocytes). Whether the megaloblasts in this case develope 
from myeloblasts or whether the latter were formed in excess a.n 
the former were present each as the result of abnormal maturation 
from a common stem cell is not clear. The failure of the marrov 
return entirely to the normoblastic form of erythroid maturation wi i 
adequate fiver therapy followed by an increasing proportion o 
myeloblasts suggests the possibility of a maturation defect m 
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stem coll common to the erytliroid and myeloid series. The possibility 
of leukaemia being a deficiency disease has been considered by Castle 
et al. (1934-35), but they met with negative results in attempting to treat 
chronic myelogenous leukaemia as such. A recent case gave us the 
opportunity to test the same theory in acute aleuksemio myeloblastio 
leukemia. The results were negative. Massivo doses of liver orally 
and parenterally, vitamin C, vitamin B complex, iron adenylate and 
pentose nucleotide had no effect on the blood picture. Over a period 
of weeks the patient received orally the ground-up tissues of chick 
embryo in the fresh state. This also had no effect on the blood or 
marrow picture. At autopsy the findings were those of myeloblastio 
leukaemia limited to the bone marrow. There was myeloid hyper- 
plasia of the marrow with a high proportion of myeloblasts but no 
evidence in any other organ of myeloid infiltration or metaplasia. 
This suggests that though, at present, such cases must be classified 
luematologically with the leukaemias, it is possible that some of them 
are due to a maturation defect in the myeloid tissue of the marrow. 
Failure to substantiate the theory by treating one or two chronic 
and aoute cases with known hemopoietic stimulants neither vitiates 
nor disproves the theory. 

The case reported in this communication seems to exhibit marked 
abnormalities of maturation affecting myeloid and erythroid cells 
simultaneously. The case showed leukemic changes in the viscera 
at autopsy and was from that point of view a case of myeloblastio 
leukaemia. But the association of myeloblasts, the majority of which 
failed to mature beyond that stage, with megaloblasts and giant 
stab cells, raises the question whether leukanoemia may not be a 
manifestation of an extensive maturation abnormality in the haemo- 
poietic tissue in which the erythroid and myeloid cells are each 
affected by the absence of some unknown factors. Alternatively it 
might be postulated that defective maturation results from the absence 
of some factor or factors necessary for the normal maturation of their 
common stem cell, the hmmocytoblast. 

SUMMARY 

1. A case of leukanaamia is described, with complete haematological, 
clinical and post-mortem findings. It commenced as a typical macro- 
cytic anaemia, with Ehrlich’s megaloblasts and giant stab cells in 
the sternal marrow, the latter being regarded as just as characteristic 
of the macrocytic anaemias as are the megaloblasts of Ehrlioh. Free 
acid was present in the gastric juice after histamine. 

2. In the later stages of the disease the blood became leukremic, 
with 30,000-189,000 white cells per c.mm., 80-90 per cent, of which 
wore myeloblasts ; some paramyeloblasts were present which are 
regarded as pathognomonic of the myeloblastio leukaemias. 

3. It is suggested that the red and white cell changes which occur 
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in leukantemia are due to a maturation defect in the stem cell (haemo- 
cytoblast), which affects both the erythroid and myeloid series, and 
that the defect may be due to the absence of some unknown factor or 
factors necessary for the proper maturation of the haemocytbblast 
and the orderly formation and development of both red and white 
cells. 

We wish to acknowledge our gratitude to Dr F. W. Simson for much advice 
and helpful criticism in relation to the histology of this case, to Prof. A. S. 
Strachan for access to the autopsy report, to the clinicians for permission to 
use their clinical notes and to Mr F. A. Brandt for the mierophotographs. 
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6i2 . 112.3* 576 . 852 . 23 (C. diphtheria) 

THE RELATIVE SUSCEPTIBILITY TO PHAGO- 
CYTOSIS OF OB A VIS AND MITIS TYPES OF 
C. DIPHTHERIAS 

Jean 0 rp.-Ewing 

Sir William Dunn School of Pathology, Oxford 

Dr Jean Orr-Ewing died on 17th November 1944 : an obituary notice 
appeared on p. 149 of the last issue of the Journal. The present paper 
was prepared by J. IV, McLeod from the rough draft of a communication 
made by the author at the meeting of the Society in January 1938. 
Unfortunately some of the figures on which the tables and text depend 
were not available and in consequence there was difficulty in elucidating 
certain minor discrepancies between table I and tlio text. It was 
obvious, however, that a very considerable body of careful work had been 
carried out which might well throw light on some of the outstanding problems 
with regard to the relative pathogenicity of mills and gravis strains of G. 
diphtheria ?. The observations, if corroborated, open up a new* and interesting 
line of attack on these problems. The original text has therefore been slightly 
adjusted to bring it into line with the tables and a footnote to the tables explains 
the interpretation that has been adopted. In addition, a correction of the 
statistical argument has been introduced on p. 171 whore the correlation of 
the two variables is discussed. The references to the literature have been 
brought up to date. 

Since the gravis, mitis and intermedins types of C. diphtherice were 
first described (Anderson et al., 1931, 1933) it lias been generally 
agreed that the nomenclature has been justified by their clinical 
behaviour. It is proposed in this paper to consider only the two more 
divergent types, gravis and initis. Briefly, gravis has been shown to 
cause a higher case mortality rate — roughly four times that caused 
by mitis (McLeod, 1943) — and a higher incidence of infection in 
Schick-negative individuals (Robinson and Marshall, 1935 ; Robertson, 
1943 ; Grant, 1945). There is also some evidence that gravis organisms 
are not only more invasive than mitis (McLeod, Orr and Woodcock, 
1939) but also more resistant to phagocytosis ( 0 rskov et ah, 1944). 
Many gravis infections are typically toxic in character. In short, the 
average gravis organism is more toxic and probably more invasive 
than mitis in the human body. The mechanism of this difference in 
virulence is not known. It has been suggested that gravis toxin 
differs qualitatively from other diphtheria toxins (Etris, 1934 ; 
Clauberg, 1939) ; but Parish, Whatley and O’Brien (1932 a and b ), 
Frobisher (1943) and Zinnemann (1943, 1946) were unable to obtain 
evidence of this. Again O’Meara (1940) has advanced evidence for 
a secondary toxic factor distinct from the classical toxin, and while 
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the work of Robertson (1943) suggests that this may be possible 
McClean (1941) and Frobisher and Mauss (1943) were unable to find 
such substances in any significant concentration. 

The situation may therefore be summed up by saying that there 
is at present no generally accepted proof that gravis strains produce 
unusual toxic elements, although this possibility has not been finally 
excluded. The facts may be explained on the hypothesis that the 
gravis type produces ordinary diphtheria toxin in larger quantities 
than mitis, a hypothesis strengthened by Mueller’s (1941) demonstra- 
tion that gravis strains are best adapted for producing toxin in the 
presence of excess of iron in the medium and Zinnemann’s (1943) 
extension of this observation to a larger series of strains, using a 
medium rich in iron and corresponding more nearly to the composition 
of animal tissues than that used by Mueller. The observations of 
Murray (1935) and of Gundel and Konig (1938) showing inferiority 
of standard antitoxin and prophylactic in protecting against gravis 
strains could also be explained by this hypothesis. There are two 
possible ways in which this might arise : (i) by the production of 
more toxin per unit organism, (ii) by more rapid multiplication of 
the bacteria in the tissues owing to a higher resistance to the various 
defence mechanisms of the body, i.e. a higher survival value. The 
two mechanisms might, of course, act in combination. 0rskov et al. 
have attempted to test the first possibility. 

The investigations now described are, however, directed to 
determining, by observations on rates of multiplication under condi- 
tions approximating to those obtaining in vivo, the relative resistance 
of gravis and mitis strains to the bactericidal action of whole blood. 

Methods 

A modification, of the blood bactericidal method originally described by Todd 
(1927) was adopted. In. this method 0-5 c.c. of defibrinated blood is placed in 
each of a number of small test-tubes and descending dilutions of the organism 
under test are added in series. The tubes are then sealed and incubated at 
37° C. iu a rotating apparatus which ensures thorough mixing of the contents 
without frothing. At the end of the period of incubation (usually 24 hours) 
the tubes are opened and samples are plated out. In the original method the 
bactericidal power of the blood towards a given organism is expressed by tho 
number of bacteria killed, and this number is calculated from tho inoculum 
to the last tube in the series found to be sterile on subculture. 

This method has very great advantages and is undoubtedly the method of 
choice for the investigation of large differences in resistance such ns occur for 
instance between rough and smooth strains of a given organism. The method 
as it stands, however, is not a delicate one and there appear to be great teclinicnj 
difficulties involved in adapting it to the detection of the relatively small 
differences in resistance which may be expected between two closely related 
pathogenic organisms. Moreover, when destruction depends upon phagocytic 
action (as in the case of diphtheria bacilli) the method demands that one of 
the organisms under test shall be rather highly susceptible to phagocytosis, 
since otherwise the sterilisation of reasonably large numbers does not take 
place within the rather limited time (3-6 hours) during which the phagocytes are 
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fully active. It was found that phagocytosis of diphtheria bacilli was rather 
slow. Finally the method does not measure bactericidal action as such, but 
the final result of killing versus multiplication of the organisms. 

For these reasons I have abandoned the criterion of complete sterilisation 
and have further modified the test by the inclusion of a second series* of tubes 
each containing 0*5 c.c. of blood from which the leucocytes have been removed 
by filtration through cotton wool in accordance with the method recommended 
by Fleming (1926). Such blood is completely stripped of bactericidal power 
towards O, diphthericc. In the method finally adopted, therefore, equal inocula 
of a suitable dilution of the bacterial suspension are added to each of a pair 
of tubes containing (a) normal dofibrinated blood and (6) deloucocyted and 
defibrinatod blood. In tube (a) multiplication and destruction take place on. 
incubation, in tube (6) multiplication only. It is assumed that, other things 
apart, the rate of multiplication would bo equal in the two tubes. A measure 
of phagocytosis in the system is thereforo obtained by comparing tho number 
of living bacteria in tubes (a) and (6) at the end of the period of incubation. A 
unit volume is plated out from each tube on a transparent solid medium 
(Douglas’s trypsin serum agar) and colony counts are simplified by throwing 
tho enlarged image of tho plates on a screen and marking off colonies as they 
are counted. The relation is expressed as the percentage survival in normal 
blood thus : — 


No. of colonies per unit volume normal blood 

— t. x 100. 

No. of colonies per unit volume deleucocyted blood 

The multiplication rate may be obtained by comparing colonies from 
deleucocyted blood before and after incubation. 


Observations 

Three dilutions of each strain were used. Gravis and mitis strains 
were always put up in pairs and every effort was made to treat each 
member of the pair in exactly the same way. In all, 26 pairs of strains 
were tested in tills way against the blood of 16 subjects. The strains 
were obtained from eleven different districts and included the three 
principal British serological types of gravis and at least seven strains 
of mitis type. The subjects from whom the samples of blood were 
obtained were members of the University and laboratory assistants. 
They were found to fall into two groups (table I) group I (13 in all), 
whose blood failed to kill most gravis strains as readily as it did most 
mitis strains : group II (3 in all), whose blood killed gravis strain# as 
easily as or more easily than mitis strains. Not all gravis strains were 
superior to mitis strains in their resistance to the bactericidal power 
of whole blood, however, and the results obtained with 26 pair£ of 
strains and 16 samples of blood— including both groups — are compared 
m table I, in which the relative resistance of gravis and mitis strains 
is stated without detailed figures for percentage survival. 

In the tests of group I blood samples -with tlie 26 pairs of strains, 
results have been weighted in favour of mitis by considering any case 
m which one of several observations showed better survival of mitis 
as ties M and those in which equal numbers of gravis and mitis 
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" wins ” were recorded ns mill's “ wins Evon so, the observations 
show : — 

Gravis resistance to pliagooytosis>?nifi<s with 20 strains 
Mitis „ „ „ >l jravis „ 3 „ 

Bcsistance equal, „ 3 „ 

There is, therefore, a variation in the relativo resistance of gravis and 
mitis strains to phagocytosis, that of the former being on the average 
considerably greater. 

Stated quantitatively for 26 pairs of strains and a total of 79- 
observations the comparison is as follows : — 



Average percentage Bur\ival of 
diphtheria hadIJl In normal blood j 

Difference 

Oravig . i 

Milis . . . 1 

27-40 

0-78 i 

17-7±2-72 

Difference 17*7 ! 

Stnndnrd error of difference 2-72 ~~~ ° 


It was found that the average rate of gravis multiplication slightly 
exceeded that of mitis, hut there were considerable individual variations 
and the difference was not significant. The above results are 
independent of this factor. 

Since the relatively high gravis resistance is not common to alt 
strains, the question of sampling errors in the selection of strains 
must be considered. On the assumption that the Btrains were drawn 
from a population in which gravis and mitis strains were in reality 
equal in their resistance to phagocytosis, one would expect, in a 
sufficiently long series of comparative tests, to obtain an approximately 
equal number of gravis and mitis “ wins ” plus an unknown proportion 
of “ ties ”, If mitis is heavily favoured by considering all the “ ties ” 
as mitis “ wins ” and only taking into account gravis “ wins ” and 
gravis “ non wins ”, the probability of each is 0-5 and the chance 
of obtaining either result 20 times in a series of 26 trials is 1 : I45. 
By applying a similar argument to the samples of blood, we find 
that the chance of drawing 13/16 of one kind from a population in 
which the distribution is actually equal is 1 : 58. The chance of one 
or the other of these events occurring accidently is therefore 
584-145 

= 1 : 41. The experimental result, therefore, attains a 

considerable level of conventional significance. 

The reason for the difference in behaviour between the two groups 
is not clear. Capacity for killi ng gravis is certainly not connected 
with a high level of antitoxin in the blood. The last point is most 
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dearly shown by the following scries of experiments in which the 
“ gravis killer ” was Schick-}- and had a blood antitoxin content of 

Table II 



Tests voro mndo with ft number of bloods from either group ngninst the samo strains. 


<0*001 units per c.c., whereas the group I subject, a weak “gravis 

killer” whs Schick— (artificially) and had 0*1 unit of antitoxin per 

c.c. (titrations kindly made by Mr Glenny). 

, . . normal blood 

Table III shows percentage survivors m 

Table in 

Discrepancy between the antitoxic content of the blood and its 
gravis. killing activity 


Group 1, Blood (V.V.) Schick - : Group II. Blood (B.H.K.) Schick +: 

0'1 unit antitoxin per c.c. <0-001 unit antitoxin per c.c. 



Similar conclusions were obtained in other observations. 
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It was shown in the course of the investigation that the capacity 
for killing gravis may ho acquired as the result of infection with a 
, grams strain. One of the group I subjects, whose blood had been 
repeatedly tested and found to have little capacity for killing any of 
the tliree main serological gravis types, contracted an infection with 
a serological type B strain. On testing his blood after the attack it 
was found to have acquired marked killing power for the serological 
types A and B, a complete reversal, whereas for gravis type C, and for 
mills its killing power remained unchanged. 

The gram-killing power of the three unselected subjects in group II 
has not been explained ; they had not had diphtheria. More work 
is required, however, to ascertain whether the carrier state is likely 
to induce this form of antibacterial immunity. 

The paper is put forward in the hope that workers in gravis- 
infected areas may be stimulated to investigate (a) the effect of the 
carrier state on this manifestation of immunity, and (6) its relation 
to the antigenic differentiation of types of the diphtheria bacillus by 
the method of agglutination. 


Summary 

It is submitted that gravis type strains of diphtheria bacilli are on 
the average more resistant to phagocytosis when tested against the 
blood of most individuals than milis type strains. It seems probable 
that this faculty accounts at least in part for their high clinical 
virulence. 
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6 l 6 — 056 . 52 — 002 . 192 (Weber-Christian syndrome) 

RELAPSING FEBRILE NODULAR INFLAMMATION 
OF ADIPOSE TISSUE (WEBER-CHRISTIAN 
SYNDROME) : REPORT OF A CASE WITH 
AUTOPSY 

Henry Ungab 

From the Institute of Pathological Anatomy and Histology of the 
Rothschild Hadassah University Hospital, Jerusalem 

(Plates XVHI-XXI) 

Thirty-one cases have now been reported of the syndrome which 
was first recognised by Weber (1925) and desonbed by him under 
the title “ Relapsing non-suppurative nodular panniculitis To this 
designation Christian (1928) added “ febrile ”, 

The literature contains reports of only four fatal cases, three of 
which were examined post mortem. In the case reported by Tildon 
el al. (1940) the patient died from tuberculosis 8 montlis after the 
symptoms of panniculitis had subsided. Only the scar of a single 
previous subcutaneous nodule had been examined. Recently Spain 
and Foley (1944) reported a case of chronic glomerulonephritis which, 
during the week prior to death, presented evidence of the Weber- 
Christian syndrome. Small nodules were found, not only in the 
panniculus adiposus but also in the mesenteric, omental and pre- 
tracheal adipose tissue. Histological examination of the nodules 
revealed changes which were interpreted as showing the following 
sequence, namely, compact foci of foamy cells which later became 
necrotic and showed signs of inflammation. Another case with 
autopsy was reported in 1941 by Kritzler (quoted by Spain and 
Foley) : the nodules presented similar appearances. 

A fourth fatal case of the Weber-Christian syndrome with complete 
autopsy is described below 


Case report 

Clinical history. S. S , aged 37, house-wife, “ was never ill ” until June 
1942. During tho course of one month she developed a syndrome which was 
observed m three successive attacks Death occurred about 9 months from 
the onset. The clinical course is summarised in table X and it is deemed sufficient 
to describe in particular the events of one attack — the first.* 


, * patient was hospitalised during the second and third attacks, and I am 
rec Cb ) t0 ^'* T3 ^ eisc hmann and M Bachmilewitz for permission to use the clinical 
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For n fortnight tho patient complained of genoral weakness, headache and 
fleeting pains in joints (knees, shoulders, fingers) but without fever. This was 
followed by 'tin acute attack of fever of remittent typo up to 39° and 40" C 
accompanied by general malaise. Coincident with tho rise of temperature there 
appeared nodules about t ho sizo of hazel-nuts in tho subcutaneous tissuos of 


Tabu: I 


Summary of clinical findings 


June Hue . 
July 

1-8 . fever 
0-2G 


rateable ncxlnlc* In 1 other symptoms, In 

pannfcnlus ndlposus ; retrospect attributable General symptoms 

(In chronological order) | to lesions of adipose tissues ’ ‘ 

1 

! Weakness ; Inability to 

work 


23 

August l-i g " . 


! September 
} 8 . fever 

j 11 - 

! October 
1 - 


l November 


1. " Hardening •* In led , 

cair t 

2. Right thigh 

2. Below Mt breast I 


Headache ; pain In joints 


i Lytle fall of temperature 
j V e akne< 3 ; Inability to work 


Interval without symptoms (abont three week*) 


4. Both thighs 
G. Left nrm 

0. Right nrm 

7. Left groin (biopsy) 


! JtrtroUeraal pain 


Swelling of leg* 


’ " Tumour ” at the cn- 1 Dlarrhma ; abdominal pain 
j tranee of true pelvis 

| "Tnmour” In pelvis dc- Gradual decrease of tern- 


J creased In sire 


jxrature ,1 

Inability to work ; general 
weakness 


Interval without symptoms till latter half of December 1912 


End or December 
1012 

January 1013 


30 . 
February 


4 . 


8 . Several nodules In right 
groin 

0. Eight thigh (medially) 

10. Loft groin 

11. Itlftht hand (biopsy) Retrosternal pain 

12. Illght forearm 

13. Belt thigh (medial 
aspect) 


Chills ; night sweats ; no 
fever 

Gradual development ot 
oedema In lower ex- 
trembles . 

Dlarrlura ; abdominal pain 


Granular ” thickening Abdominal pain, left-sided 
nt entranee to true 

Pf U 11 Sudden fall of temperature 

(Edema of lower extremities 
extending on gluteal and 
sacral regions 

Vomiting; dysphagia; peri- 
toneal symptoms 


February 8, 1043 . 


tho trunk and extremities. In tho initial stago theso were sonsitivo to pre^ure 
and tho overlying skin was slightly cyanotic. Aftor 2 or 3 days tho no u e 
became firmer : they disappeared within 5-8 days. During tho course o ° 
woelc 9 new nodules cropped up while tho others gradually disappeared. j 
tho whole of this period tho fever remained of tho remittent type, only decre 
gradually with tho disappearance of tho last of tho nodules. 
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Laboratory findings. During the relapses a mild secondary anosmia was 
found and a moderate leucocytosis without abnormalities in the differential 
count. On one occasion only, a leucocytosis of 18,000 was present, A blood 
culture at this time gave no growth. Mantoux's tuberculin test was repeatedly 
negative. The Wassermann and Kalin tests were positive. 

Neurological examination . Oppenlieim’s reflex was positive on the right side 
during both relapses. On several occasions patellar clonus could be obtained 
on the same side. 

Biopsies from subcutaneous nodules were taken on two occasions : (a) from 
a firm nodule in the left inguinal region, taken during the first relapse ; histo- 
logical diagnosis, lipogranuloma : (6) from a recent, fairly soft nodule on the 
flexor surface of the right forearm, taken during the second relapse ; histological 
diagnosis ; suppurative inflammation of adipose tissue. 

Provisional clinical diagnosis. A primary disease of blood vessels was 
thought of, such as migrating thrombophlebitis or polyarteritis nodosa. In 
view of the repeatedly positive Wassermann and Kahn tests tertiary syphilis 
could not be excluded. 

Treatment. During the first relapse medication with potassium iodide was 
twice attempted. On the first occasion the patient reacted with an abrupt rise 
of temperature and aggravation of malaise ; on the second, with a generalised 
skin rash and conjunctivitis. 

Subsequent course. Four days before death there occurred an acute increase 
in the oedema of the lower extremities, which rose to the level of the vulva and 
gluteal and sacral regions. Simultaneously the abdomen became markedly 
distended. The temperature fell to 37° C. 

Final diagnosis. Thrombosis of inferior vena cava. (Polyarteritis nodosa ? 
Tertiary' syphilis ?) 

Post-mortem examination 

Anatomical diagnosis. Acute diffuse suppurative peritonitis due 
to Strep, hcemolyticus ; chronic tonsillitis, with small abscesses 
containing streptococci ; relapsing suppurative and granulomatous 
inflammation of adipose tissue throughout the body’', predominantly 
in retroperitoneal space ; ecchymoses and ulcers of skin of lumbar, 
sacral and upper gluteal regions (histologically due to extension of 
suppurative panniculitis to arterioles, with subsequent thrombosis) ; 
relapsing parietal thrombosis of pelvic and iliac veins and of inferior 
vena cava below renal veins ; marked oedema of lower extremities, 
vulval and sacral regions ; paralytic distension of intestines ; “ acute 
splenic tumour ” ; acute ulcerative oesophagitis ; non-specific lingual 
ulcer ; healed small infarct of left kidney ; oedema of pia-arachnoid ; 
chronic prolapse of intervertebral disc (L. I/II) with slight com- 
pression of spinal cord ; 60-calIed Schmorl’s nodule in lower part of 
vertebral body (L. II) ; osteosclerosis of lower half of body of fifth 
vertebra. 

Details of certain post-mortem findings 

Autopsy was performed 2£ hours after death. The body was that of a short 
obese, middle-aged female. The abdomen was markedly distended and there 
was considerable oedema of the lower extremities up to the level of the iliac 
crests. In the lumbar and to a less extent the gluteal regions there were 
numerous ecchymoses and scattered circular ulcers with pimehed-out margins 
and smooth pale red floors 5-15 mm, in diameter. 
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Peritoneal cavity. Tho smnll intestine and colon were greatly distended by 
splashing fluid and gases. Tho peritoneal cavity contained about 1000 c.c. of 
turbid palo yellowish fluid, while tho peritoneum itself was covered with 
yellowish groy friable oxudato which could bo swabbed away with ease. The 
intestinal loops wore glued togother by this oxudato, especially in tho left 
liypochondrium, wlioro a collection of thick greenish grey pus was found 
botween omontum, sploon and splenic flexuro of colon. There wore no firm 
adhesions. Tho lower margin of tho liver reached tho right costal margin. 
Cultures from tho peritoneal fluid ns well as from tho thick pus in tho left 
liypochondrium rovcaled limmolytic streptococci. 

Examination of tho gastro-intestinnl tract, kidneys and descending urinary 
tract, uterus and adnexa, liver, pancreas and spleen failed to reveal inflammatory 
changes : infection of tho peritoneum due to direct extension could apparently 
bo excluded. Brain, meninges and middle ears woro without gross morbid 
changes. 

Adipose tissue, (a) Pannicultis adiposua. Tho layer of fat in tho anterior 
abdominal wall was 8-0 cm. thick, abovo tho sternum about 3 cm. thick. 
Tho cut surfaces woro bright yellow. Tho fatty tissue of tho breasts was 
abundant and thero woro small areas of brownish groy firm tissue ; glandular 
tissue sparso ; on tho right sido a few small cysts. On the thighs tho paimiculus 
was about 8-9 cm. thick. The cut surfaces oozed abundant watery colour less 
fluid. Thero woro somo firmer areas, not clearly delimited and without differonco 
of colour. 

(6) Retroperitoneal adipose tissue, (including true pelvis, mesentery and 
omentum). In these sites, fat was abundant and in many areas tho cut surface 
presented innumerable greyish dots irregularly distributed. Diseroto greyish 
foci wero sometimes found G-20 mm. apart ; olsowhoro thoy woro massed 
together into compact palpablo firm nodules. Theso lesions wero most fully 
developed in tho pararectal, mesosigmoid, mesenteric and omental adipose 
tissuo and around tho kidnoys and adrenals. 

(c) Intrathoracic adipose tissue. This wns abundant in tho mediastinum and 
under tho cpicnrdium. In tho anterior inferior mediastinum, close to the 
sternum, two softened nodules of adipose tissuo wero found which measured 
about 5 nun. in diameter nnd wero ornngo-yellow in colour. In tho subepicardial 
adipose tissuo botween tho aortic root nnd left atrium thero woro a fow tiny 
nodules, 1-2 mm. in diamotcr, of hard consistency nnd bright yollow colour. 


Histological examination of organs 

Tonsils. Focal suppurative inflammation within atrophic lymphoid 
tissue. Ono pus-distended crypt contained Gram-positive streptococci, 
singly and in clumps. 

Liver. Slight fatty clmngo in periphery of lobules. Focal 
dissociation of trnbecuho and intrahopatic oedema. Poriportal tissue 
contained many small round cells and scattered polymorphonuclear 
leucocytes, chiefly near small bilo ducts. 

Pancreas. Without pathological change, except for chrome 
inflammatory foci in the interstitial adipose tissue of the tail (vide 

W Kidney. The scar of a smnll cortical infarct contained a few- 
scattered leucocjdes. The adipose tissuo around the calices showed 
infiltration wdtli neutrophil leucocytes and round cells with large pa e 
nuclei. No other pathological change. 



JOURNAL OP PATHOLOGY— Voi LVIII 


Plate XVIII 


Relapsing nodular panniculitis 



ItG l — Biopsy from right forearm, 24 hours Fio 2 — From the btimo biopsy Segment of 
after a “ swelling " was noticccl Acuto a ponphoml capillary showing stasis of 

inflammation infiltration with polymorpho- leucocytes Emigration of the lattor into 

nuclear leucocytes Xl60 mtact adiposo tissue X440 


r/V-v *r - • .• *•-. ys 

Jh ■ .**/ - r 


-V-H ^ 

■ .-v, >> A'. ^ 

- 1 ^ 

10 ® Section from subcutaneous adiposo tissue of right thigh which showed no 
gross lesion Early phase of acute inflammation exudation of leucocytes into 
centro lobular areas of tho adipose tissue The terminal septum, which crosses 
ween tho foci of inflammation, is widened by accumulation of lymphocytes 
A, ‘ e neighbouring lobules show no infiltration x20 
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Sections from the myocardium, genital organs, glands of internal 
secretion, diaphragm and ileo-psoas muscle showed no pathological 
changes. 

Histological examination of adipose tissue arid related 
blood vessels and lymph nodes 

Thirty-six blocks of adipose tissue from different regions were examined 
after fixation in formalin, Zenker’s fluid, Benda’s copper acetate mordant and 
Orth’s fluid. Sections were stained with hematoxylin and eosin, tuematoxylin 
and van Gieson, Weigert’s elastic tissue stain, Gram’s stain, Ziehl-Neelsen, 
cresyl violet, Petersen-aran and by silver impregnation (Foot). Fatty sub- 
stances were stained with Sudan III in frozen sections and by Ciaccio’s method. 

The affected adipose tissue presented a variety of inflammatory 
lesions (table II). There were areas of (1) suppurative inflammation, 
(2) granuloma-like change, and (3) healed inflammation with residual 
changes. 

1. Areas presenting suppurative inflammation. This type of lesion 
could be traced from the earliest stages of its development. For its 
study, biopsy material from a subcutaneous nodule which had been 
palpable for no longer than 24 hours was used, and autopsy material 
from the panniculus without palpahlo nodules. 

In the recent biopsy nodule (right forearm), epidermis and dermis 
showed no change. The deep layer of subcutaneous adipose tissue 
showed abundant diffuse leucocytic infiltration (fig. 1) extending 
between the individual fat-cells which thus became progressively 
separated from one another, thereby loosing their polygonal and 
definite outline. Fat-cell nuclei had disappeared but the endothelial_ 
lining of capillaries remained recognisable. An isolated -fragment of 
adipose tissue taken at some depth failed to show diffuse infiltration, 
hut capillaries were prominent and contained blood in varying amount. 
Some of them were filled in limited stretobes with abundant poly- 
morphonuclear leucocytes (fig. 2) and there was evidence of diapedesis. 
The capillaries within the fibrous septa and the larger blood vessels 
showed no pathological change. 

Adipose tissue from the right thigh also showed centro-lobidar 
accumulations of polymorphonuclear leucocytes (fig. 3). The inter- 
lobular septa were thin, however, and unaffected, except where they 
traversed between areas of inflammation. There they were widened 
owing to accumulations of lymphocytes. The fat cells in the areas 
involved showed the same changes as those already described. In 
one infiltrated area there were several coalescing fat cells forming a 
cyst-like space. The capillaries in affected lobules were often engorged 
with polymorphonuclear leucocytes. The septal capillaries contained 
only scattered leucocytes in addition to erythrocytes. Arteries and 
veins were free from changes except slight lymphooytio infiltration of 
the adventitia of some of the smaller arteries. 
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2. Granuloma -like lesions. These consisted of accumulations of 
histiocytes, lymphocytes and foreign-body giant cells. They some- 
times involved extensive areas of adipose tissue ; elsewhere there were 

Table II 

Histological findings in the adipose tissue of various regions of the body 

A. Panniculus ndipoBUS 


Acute stage j Right thigh (initial, pro-nodular lesion) 

j l'lcxor fiurfnco of forearm (biopsy taken 3 
j weeks before death, from a C-l-hour old 
| nodule) 

; Sacral and lumbar regions 

Granuloma-liko stago j Left inguinnl region (biopsy token 12 weeks' 

, before death, from a 5-day old nodule) 

B. Rotroporitononl adiposo tissue 


l 

Acute stage * True pelvis 

f Mesocolon (relapse)* 

) Adjacent to inferior vena cava 

Adjacent to cisterns chyli 
> Retroperitoneal adipose tissue (relapse) * 
Intermediate stage j Mesentery (root) 

! Mesentery (middle) 
j Parnpancreatic adipose tissue 
i Adjacent to parnpancreatic lymph -node 
| Greater omentum (free margin) 
i Adjacent to renal liiluin 

Granuloma-liko stage j Mesentery (root) 

Adiposo capsule of kidnoy 
j Adjacent to ndrennl gland 

Residual lesion j Adjacent to external iliac artery 

i Interstitial adipose tissue in tail of pancreas 
, Pararectal adipose tissue 

C. Intrathorncic adiposo tissue 

1 

Acute stage 1 Xot observed 

Intermediate stage , Adjacent to thoracic duct (upper part) 

' Adjacent to thoracic duct (lower part) 
Granuloma-liko stage j Precordial mediastinal tissuo 

Residual lesion < Mediastinal and subepicardial adipose tissuo 

D. Adiposo tissuo oxaminod ; no histological changes 

Para-cesophageal adipose tissue near cardia 
' Tissue in larvnx (near vocal cord) 

Floor of mouth (botwoon tongue and tonsil) 


* Specimens which showed advanced lesions In some of the acini while others still presented the 
suppurative stage are included In the table as "acute stage " and marked relap-e . 


single lobules entirely or in part replaced by granulomatous tissue, 
■while other adjacent lobules had escaped completely. The following 
stages in the development of the granuloma-like lesions were foun . 
(a) Polymorphonuclear leucocytes which had persisted were con ne 





Fici 4 — Section of perirenal adipo-sQ tissue Uppci right (near tho centro of a lobulo) 
a focus of subacute inflammation with necrosis still contains abundant poly- 
morphonuclear loucocytos. Tho loner portion contains foamy cells, progressing 
from a septum and from tho adventitia of an artery towards the centro lobular 
region, x 125. 



Fia. 5 — Section of adipose tis»suo from near tho ctstoma chyh So called 
“ granuloma stage A 325. 
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to the centre of the lobules (fig. 4). They appeared mixed with' 
histiocytes and scattered giant cells but were never found to invade 
the interlobular fibrous septa. Giant cells of foreign-body type were 
seen also at the periphery of small oyst-like cavities, the presence 
of which within areas of acute inflammation has been shown 
above. Occasionally large vacuoles were seen in the cytoplasm of 
the giant cells. 

The lesions described so far should be regarded as transitional 
between acute suppurative inflammation and the stage reported by 
many authors as “ lipogranulonm In the fully developed granuloma- 
like stage the adipose tissue lobules were completely replaced by 
abundant foamy cells, in addition to other cells in varying numbers, 
including scattered lymphocytes (fig. 5), and there were liyperajmic 
capillaries which sometimes contained a few polymorphonuelears. 
This was the lesion which appeared when, clinically, the subcutaneous 
nodule reached the height of its development. It represents, therefore, 
the picture ns seen in most biopsies and reported in many articles. It 
was seen in tho present case in a biopsy taken about 5 days after the 
first appearance of a nodule. 

In sections where the process had not advanced far enough to 
obliterate the architecture of the adipose tissue, the granuloma-like 
lesions extended on the axis of the fibrous septa, ns in the acute 
suppurative lesions. Then, however, tho changes commenced in the 
centres of lobules and advanced towards tho septa, whereas the 
granulomatous chnngo first became apparent close to the septa and 
gradually decreased towards the lobular centres (fig. 0). Sometimes 
the granuloma-like changes involved tho greater part of the lobules or 
even their entire area but they never extended beyond the limiting 
septa into adjacent lobules. 

The extension of the lesions described was strikingly irregular. 
Next to lobules markedly involved were others which had remained 
intact. Still more striking was the presence of lobules in different 
stages of suppurative inflammation, separated by fibrous septa from 
lobules in the granulomatous stage of the process. The limitation of 
the lesions to individual lobules and the total absence of transgression 
from one lobule to the next strongly suggest that tho morbid process 
did not spread continuously from one individual focus to another 
but was transmitted along the ramifications of the fibrous septa. The 
simultaneous appearance of lesions in different developmental stages 
within limited areas of adipose tissue allows one to assume that this 
transmission lmd occurred in successive attacks. These have accord- 
ingly been called by us “ relapsing inflammatory lesions ”, 

3. Residual changes. These were present in two different forms : 
(a) fibrous scars which contained only a few lymphocytes and rarely 
an isolated giant-cell (fig. 7) ; (b) foci of foamy-cells which did 

not include liypersemic capillaries and were free from lymphocytio 
infiltration (fig. 8). 
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Specific stains for fatty substances. Benda’s macroscopic 
reaction for fat-necrosis was negative in unfixed tissue in all 
specimens examined. With Ciaccio’s method (after fixation in Orth’s 
fluid) accumulations of disintegrating leucocytes were found to 
include extracellular granular sudanopliil substance. In scattered 
foci of small histiocytes with eccentric dark nuclei, the cytoplasm was 
filled with sudanopliil material, ns were also the large vacuoles in the 
giant-cells, A distinct brownish-coloured network was present in the 
cytoplasm of the foamy cells. Fuchsinophil substance was nowhere 
in evidence. 

Stains for bacteria. All blocks of adipose tissue from the 
abdominal cavity, femur and skin of the sacral region were stained 
for bacteria b}' the methods already mentioned, with negative 
results. 

Lymph-nodes in retroperitoneal fat. These showed acute and 
chronic inflammatory changes. The fibrous capsule of nodes adjacent 
to acutely inflamed areas of adipose tissue contained numerous small 
round cells and fusiform cells with sudanopliil particles in their 
cytoplasm. A considerable amount of fat was found in hypertrophied 
endothelial cells of the sinuses and within the medullary cells, especially 
those close to the sinuses, but also in the periphery of lymph follicles. 

JBlood vessels within the adipose tissue (other than the capillaries 
dealt with above), (a) In or near areas of inflammation the smaller 
arteries and veins showed hypercemia and sparse adventitious foci of 
small round cells. Swelling and cedenia of the vascular wall, reported 
by some authors in biopsies of panniculitis, were not seen by us in 
sections of Zenker-fixed material. (6) A single block of adipose tissue 
from the true pelvis contained two small arteries which were partially 
obstructed by organised thrombi. Inflammatory changes were not 
present in the vascular wall, (c) A section from a cutaneous nicer in 
tlio sacral region contained a small artery shoving leucocytic in- 
filtration of the wall and recent thrombosis. The arterj* was situated 
within the adipose layer adjacent to the dermis and near an area of 
acute suppurative panniculitis. The arteritis was more marked 
towards the side of the panniculus adiposus, the inflammation 
extending continuously from the adipose tissue into the arteria 
wall and causing thrombosis (fig. 9). Tin’s was the only place where 
an extension of the suppurative lesion from the fat to any other tissue 
was found, (d) Blocks from the iliac veins, superior hemorrhoidal veins 
and lower part of the inferior vena cava were cut, together with tie 
surrounding adipose tissue. There were organised parietal as we 
as recent obstructive thrombi. No infiltration of the media was oun > 

even where there was the most marked inflammation of the a i en i 13 
tissue. 
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Discussion 

Relation of clinical symptoms to anatomical lesions 

The case hero reported presented the known characteristics of the 
so-called Weber-Christian syndrome, namely, a nodular inflammatory 
lesion in the panniculus adiposus which regressed within a few days 
of its appearance, while similar lesions appeared in consecutive crops 
in all parts of the trunk and extremities. Simultaneously with the 
appearance of new nodules the temperature roso and there was general 
malaise. 

Other findings, observed in some but not in all previously reported 
cases, were also present, namely, a chronic infective (streptococcal) 
focus (12 cases in the literature : Larkin ct al., 1944) ; acute swelling 
of the extremities (Bailey, 1937) ; rheumatoid symptoms in muscles 
and joints in the prodromal stage of tho febrile attack (Bailey) ; 
positive serological reactions for syphilis, in spite of the absence of 
other evidence of the disease ; acute aggravation of symptoms 
following the use of iodine (or bromine) preparations (8 eases in the 
literature : Larkin). 

Death was attributed to acute suppurative peritonitis due to 
hsemolytic streptococci. After thorough examination of all structures 
covered by peritoneum, including the histological examination of the 
retroperitoneal adipose tissue, no local cause of the peritonitis could 
be found. We assume that the peritonitis was duo to a hsematogenous 
infection, most likely originating in the tonsils, in which streptococci 
were observed in sections. 

Swelling of the lower extremities, observed during two relapses of 
the disease, was found to be due to recurrent thrombosis of the lower 
inferior vena cava and its large tributaries. Histological examination 
failed to reveal any anatomical cause of the thrombosis. There was 
no evidence of phlebitis despite the spread of inflammatory changes 
in the surrounding adipose tissue. 

Post-mortem examination showed that inflammatory changes were 
not limited to the panniculus adiposus but were also present in varying 
intensity in the adipose tissues of the abdomen and thorax. Among 
the published cases of the Weber-Christian syndrome the involvement 
of adipose tissue outside the panniculus proper was mentioned only 
once — in the caso recently reported by Spain and .Foley. The presence 
of inflammatory foci in the corresponding areas may explain the 
repeated complaints by our patient of pain in the abdomen and 
behind tho sternum, as well as the varying results of vagina] examina- 
tion, where the pelvic wall was felt to be lined by nodular formations 
which repeatedly changed in size between the attacks. 

Commentary on the lesions of the adipose tissue 

Histological examination showed that the active morbid process 
presented itself, in different aspects, as a suppurative and ns a 
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granulomatous inflammation. It ended either in fibrous scarring or 
as quiet focal foamy cell infiltration. 

Shaffer (1938), who made a study of the histological changes in 
biopsy material from cases of the Weber-Christian syndrome, traced 
the first appearance of foamy cells and liistiocytes near the fibrous 
septa of adipose tissue. Our own observations agreed with this 
finding but they did not confirm Shaffer’s view, which was shared 
by Cummins and Lever (1938), and by Spain and Foley, that this 
represents the primary lesion. 

As described above, the granulomatous lesions were preceded by 
stasis of polymorphonuclear leucocytes in the intralobular capillaries 
as well as by foci of suppurative inflammation in individual lobules. 
These changes were so constantly observed in our case that we have 
been inclined to view them not only as primary but also as the 
essential lesion of the disease. 

The remarkable and unpredictable cropping-up of inflammatory 
foci in the adipose tissue in widely separated areas of the bod}’ suggests 
the effect of a blood-borne noxa. However, in spite of the presence 
of the tonsillar focus, a metastatic-infective process witlfin the adipose 
tissue may with great probability be excluded. There were no bacteria 
in the adipose tissue lesions, and, while this fact may be explained 
by their rapid local destruction, it is difficult to understand why 
suppurative lesions due to streptococci should fail to extend 
beyond the confines of fibrous septa or adjacent parenchymatous 
organs. In fact these structures did not show even the least trace of 
leucocytic infiltration. 

In our opinion, the non-suppurative changes have no specific 
significance in the pathological process of the Weber-Christian 
syndrome. They are more likely to be due to tissue injury by fatty 
substances liberated in the course of destruction of fat cells by 
suppurative inflammation {“ coincidental panniculitis ” ; Keil, 1935). 
In the present instance such substances could be demonstrated by 
staining with Ciaccio’s method in histiocytes and giant cells or 
disseminated within necrotic areas. Their presence may also be 
inferred from the early appearance of foreign-body giant cells lining 
pseudocystic cavities formed by confluence of destroyed fat cells m 
areas of suppurative infiltration. 

The histological findings in the fully developed subcutaneous 
nodule are those described in the literature under a varietj’ of names, 
in accordance with the author’s view concerning the origin of foamy 
cells — lipogranuloma, oleogranuloma, “ Wueheratrophie ” with or 
without accompanying chronic inflammation, lipopbage granuloma. 
They are known to appear as a result of a great number of chemica , 
mechanical or thermal injuries or from vasomotor disturbances causing 
local ischemia. The non-specific character of the granulomatoid lesion 
is confirmed by investigations in the experimental- animal (Franco, 
1911) and in man (Goldzieher, 1931 ; Bogliolo, 1936). 



RELAPSING NODULAR PANNICULITIS 


185 


Reports on multiple “ lipogianulomas ” by Russian pathologists 
(Abnhossoff, 1926, 1929) should be mentioned The nodules were 
observed m obese individuals during the period of convalescence 
from infectious diseases, especially relapsing and typhus fevers The 
lesions made their appearance predominantly in the panmculus 
adiposus, but also in the retroperitoneal adipose tissue, great omentum 
and mesentery Although the original papers containing more 
extensive histological descriptions were not available, it appears from 
the summaries given by Abnhossoff that tho Russian authors were 
refemng to a pathological process in many respects similar to that 
seen in the Weber Chnstian sj ndrome 


Summary 

1 A fourth fatal case of the Weber Christian syndrome with 
post mortem findings is reported 

2 Autopsy showed that the lesions were not limited to the 
panmculus adiposus but extended also to adipose tissue m tho thorax 
and abdomen 

3 Histologically the initial lesion w as distinguished by leucocytic 
stasis In tho blood capillanes and focal suppurative inflammation 
in the adipose tissue It was followed by the development of 
granuloma-like lesions which arose on the axis of the fibrous septa 
The process terminated in scar like formations or foci of foamy cell 
infiltration 

4 The possible aitiology and the relationship betw een the different 
types of lesions are discussed 
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A SUBSTANCE IN HUMAN SERUM INHIBITING 
STAPHYLOCOAGULASE 

Iwo Lominski and G. B. S. Roberts 

From the Department of Bacteriology, University 
and Western Infirmary, Glasgow 

The final identification of Staphylococcus aureus at present rests mainly 
on its ability to clot human plasma, originally observed by Loeb 
(1903-04) and Much (1908) ; the clotting agent (staphylocoagulase) 
may bo obtained cell-free. The standard method of the coagulase 
test consists in adding some of a fluid culture of staphylococcus to 
plasma diluted ten times with saline. In the course of the routine 
examination of staphylococci an attempt was made to use more 
concentrated plasma ; it was then found that some plasmas when 
undiluted failed to clot, even though they clotted well when diluted. 

The possibility that there may bo in the blood of certain human subjects, 
especially those suffering from staphylococcal infections, an antibody neutralising 
staphylocoagulase was first suggested by Kemkes (1928), who however failed to 
demonstrate it in the sera of five cases of chronic staphylococcal disease and 
several healthy individuals ; live cultures of staphylococci were used for 
clotting. Gross (1931), incubating the sera first of all with cell-free coagulase, 
also failed to find anti-coagulase in the sera of rabbits immunised against 
staphylococci. Later, however (1933), he reported that certain human sera and 
anti-staphylococcal rabbit sera were capable of inhibiting staphylocoagulase 
up to a titre of 1 : 3. He also noticed that various samples of human plasma 
differed considerably in the time required for clotting by staphylocoagulase, 
some failing to clot. Sudhues and Schimriglc (1933), however, using live 
staphylococci, found no difference in clotting time between plasma derived 
from patients suffering from staphylococcal infections and that of healthy 
individuals. Walston (1935), despite negative results on attempting to immunise 
rabbits against coagulase, considered it to be antigenic and reported 
that certain anti-staphylococcal rabbit sera were capable of neutralising cell- 
free staphylocoagulase. On the other hand, Cruickshank (1937), using cultures 
of Staphylococcus aureus for clotting, failed to demonstrate anti-coagulase in 
commercial staphylococcal antibody or to find any difference in clotting time 
between the plasma of four patients suffering from stapliylodermia and the 
plasma of healthy people. Finally, Smith and Halo (1944) reported that they 
were unable to immunise rabbits and guinea-pigs against cell-free staphylo- 
coagulase, and they explained the occasional inability of human plasma to clot 
on the addition of coagulase as due to lack of a specific activating substance.’ 

These contradictory results suggested the need of a more systematic 
investigation to ascertain whether (1) occasional samples of plasma 
or serum actually delayed or inhibited clotting by staphylocoagulase, 
and (2) the nature and mechanism of such a phenomenon. 
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The presence, of an inhibitory substance in human plasma 

Specimens of plasma { ca . 0-4 per cent, sodium citrate) from 104 
persons, about equal numbers being healthy blood donors and 
patients suffering from various septic conditions, were examined in 
serial doubling dilutions with saline, ranging from 1 : 1 (undiluted) to 
1 : G4, Clotting was induced by inoculating 0-5 c,c. with 2 drops 
of a 24 hours’ broth culture of a known coagulase-positive Staphylo- 
coccus aureus. The tubes were then incubated for 24 hours at 37° C, 
Note was taken of the occurrence, rate of formation and extent of 
clot, grades of the latter being designated as follows : 0 = no clot, 
1 = small floating ball, 2 — large sliding clot, 3 ~ almost solid, and 
4 — completely solid clot. It was found that most of the plasmas 
clotted after 1 \ hours at all dilutions ; certain plasmas, however, 
showed at this time no clotting in the strong concentrations 
(1 : 1 - 1 : 8) but clotted at higher dilutions. Clotting between 1 : 1 
and 1 : 8 might take up to 24 hours and occasional plasmas 
failed to clot when undiluted. Assessment of clot at dilutions 
higher than 1 : 40 was difficult owing to the small amount of fibrinogen 
present. To obviate this and to avoid possible fallacies from progres- 
sively smaller amounts of fibrinogen receiving the same inoculum of 
staphylococci, the technique was altered as follows. The plasma of 
which the inhibitory power had fo be tested was diluted with a 1 : 10 
dilution of a readily coagulable plasma in saline instead of saline 
alone ; the fibrinogen content was thus almost constant in all tubes 
and the clot was easy to read. The results were identical with those 
previously obtained. It follows from these experiments that since 
certain plasmas which fail to clot at high concentrations do so when 
more dilute, and since the inhibitory property can be demonstrated 
in the presence of a well-clotting plasma, the phenomenon cannot be 
due to the absence of a factor such as the activating factor of Smith 
and Hale but is explicable only by the presence of an inhibitory 
substance. (The existence of the activating factor has incidentally 
been confirmed ; plasmas used in the present work, however, did 
not lack it.) 

It was first necessary to make sure that the higher content of 
sodium citrate present in concentrated plasma as compared with 
dilute was not the inhibitory factor. This was tested by diluting the 
plasma with 0-4 per cent, sodium citrate solution in saline instead 
of saline alone. It was found that the concentrations of sodium citrate 
used wore not responsible for the inhibition. Even 8 per cent, citrate 
did not interfere with clotting by formed eoagulase, ns present in a 
24-hours’ broth culture or in a cell-free preparation ; but 0*7-1 per cent, 
in the medium hindered its formation owing to inhibition of growth 
of staphylococci. , 

Next, by adding calcium chloride or thrombin to all plasmas wine i 
failed to eoagulato under the influence of staphylocoagulase, it was 
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found that in general clotting occurred. Hence it was proved that 
the inhibitory substance acted specifically against staphylocoagulase 
clotting and did not affect the ordinary mechanism of blood clotting. 
The few plasmas which failed to clot on the addition of calcium or 
thrombin are not considered meanwhile. 

So far, live cultures of Staphylococcus aureus were used to induce 
clot and it should bo noted that differences observed between plasmas 
concerned chiefly the length of time required to effect clotting. It 
was thought that this procedure might not reveal fully the real 
differences between various plasmas, for if the inhibitory substance 
was capable of neutralising only a limited amount of coagulase, then 
the continuous production of the latter by living organisms would 
eventually overcome the inhibitory substance and cause clotting. 
This would account for the considerable delay, ending finally in 
clotting, observed with certain plasmas. Accordingly it was decided 
to use cell-free coagulase obtained by filtering highly active fluid 
cultures of Staphylococcus aureus (for details of preparation, etc., 
see below) ; the technique of the test was the same ns before, a fixed 
amount of a well-clotting plasma boing used along with serial dilutions 
of the inhibitory plasma. Fixed amounts of coagnlaso were added to 
the mixtures (from 20 to 80 times the minimal coagulating dose in 
different experiments). This method showed that very frequently 
plasmas which caused only delay in clotting by live cultures were 
capable of inhibiting entiroly clot-formation by cell-free coagulase ; 
many plasmas inhibited clot completely at dilutions between 1 •. 2 
and 1 : 6 and one at 1 : 40. Tlius it became possible to express 
differences between plasmas in terms of their inhibitory titres instead 
of their clotting times. It follows from these experiments that a 
given amount of inhibitory' substance is capable of neutralising only 
a fixed amount of coagulase ; therefore the use of live cultures to 
induce clot tends to mask the true inhibitory titre of the plasma. 


The presence of inhibitory substance in human serum 

The hypothesis was then adopted that the inhibitory substance 
might be an antibody directed against staphylocoagulase, and an 
attempt was made to investigate its content in serum. 

Methods 

Preparation of coagulase. A strain of Staphylococcus aureus producing highly 
active coagulase is grown for 24 hours at 37° C. in broth containing 10 per cent, 
plasma (0-4 per cent, sodium citrate) [Lommski, 1944). The culture is then 
shaken until the clot disintegrates ; after preliminary filtration through paper 
the fluid is passed through a grade SB Ford's “ Sterimat ” and the sterility of 
Aho filtrate ascertained. (The filtrate keeps at —5° C. for several months 
without noticeable deterioration.) The minimal coagulating doso (M.C.D.) for 
•a well clotting plasma is then determined, i.e. the smallest amount which in 
24 hours at 37° C. causes a noticeable clot (grade 1) in 1 c.c. of 10 times diluted 

Jodis, or rtru.— toi. jam n 
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plasma. This usually averages 0-001 c.c. (titre 1 : 1000). Coagulase obtained 
by filtration of cultures in ordinary broth without plasma 1ms also been used ; 
its titre was generally low (below 1 : 100) ; the results were identical with 
those obtained by the use of plasma-broth coagulase. 

Plasma. Human plasma (0-4 to 0-7 per cent, citrate) was used throughout. 

Sera were tested both fresh and after heating for 30 minutes at either 5G° 
or 63° C. : they were derived from healthy individuals and patients suffering 
from various diseases. 

The (cs(. To tubes containing 0-5 c.c. of serial doubling dilutions of serum 
in salino (and to controls containing 0-5 c.c. saline or 0-5 c.c. of a known 
negativo serum diluted four times) 6-2 c.c. of coagulase is added (diluted so 
as to represent 20-30 M.C.D.). After the mixtures have been incubated for 
90 minutes at 37° C. each tube receives 0-3 c.c. of a 1 : 3 dilution of tho same 
plasma as served for determining tho M.C.D. Accordingly, the total volume 
in each tubo is 1 c.c., the plasma being finally in a dilution of 1 : 10. The dilutions 
of serum shown in the tables are final dilutions. 

Reading the lest. Delay or absence of clotting in tubes containing mixtures 
of serum and plasma denotes tho presence of the inhibitory substance. Controls 
usually begin to coagulate after 90 minutes and are solid after 2 hours. Readings 
may bo made ns soon as clotting has occurred in tho controls or arbitrarily up 
to 24 hours, the highest dilution of serum which completely inhibits clot formation 
being noted. 

Results 

The inhibitory substance was found to bo relatively heat-stable, 
completely withstanding 50° or 63° C. for 30 minutes (heating at 
these temperatures does not render a negative serum inhibitory). 
However, fresh and heated sera differed in other respects as follows. 
Fresh sera in high concentrations { 1 : 2 - 1 : 8) frequently clotted 
plasma per sc even in presence of excess of sodium citrate, presumably 
owing to their content in thrombin, while certain other fresh sera in 
similar concentrations inhibited thrombin-clotting of plasma, presum- 
ably owing to antithrombin. The former property (thrombin) was 
removed by keeping for 3 or 4 days or heating for 30 minutes at 
56° C., while the latter (antithrombin action) was removed by heating 
at 63° C. (compare Gasser, 1916-17, and Quick, 1938). Clotting of 
plasma, when caused by thrombin in fresh sera, interferes with the 
estimation of the inhibitory substance unless its titre is higher than 
the thrombin titre. The antithrombin property of sera was proved to 
depend on a factor different from the inhibitory substance (see below) ; 
it did not affect in any way the eoagulase-neutralisation tests. Thus 
there was no need to heat sera to 63° C. ; and most of our tests were 
carried out with sera heated at 66° C. 

In all, 348 sera have been ex-amined, of which 212 contained 
inhibitory substance, to a titre of 1 : 1280 in 14, of 1 : 640 in 26, of 
1 : 320 - 1 : 160 in 89, and of 1 : 80 - 1 : 8 in S3. The incidence of 
low-titre or non-inhibitory sera appeared higher among patients 
suffering from major staphylococcal infections than in those suffering 
from other diseases or among healthy people. 
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Relation of inhibitory substance to protein fractions of the scrum 

Twenty-fivo fresh sera showing a high content of inhibitory 
substance (titre over 1 : 100) were first fractionated with ammonium 
sulphate into albumin and globulin fractions and the latter subse- 
quently into euglobulin and psoudoglobulin. Each fraction was made 
up with saline to the original volume of serum. Coagulase- 
neutralisation tests were then carried out until each fraction as 
described for whole serum. Table I shows that the globulin fraction 

Table I 


Showing the inhibitory substance content of various protein fractions 
of an inhibitory serum 


Serum no. 27 and fractions 




Scrum dilutions 



1 

1:2 

1:4 

1:8 

1 : 16 

1:32 

1 : 64 

1:128 

1:250 

i 

Whole serum . 

0 

0 

0 


0 

H 

0 

0 

2 

Globulin (50 per cent, 
sat. ammonium sul* 
photo) 

0 

0 

0 



0 

0 

0 

4 

Euglobulin (28-33 per 
cent. sat. ammo- 
nium sulphate) 

0 


0 

0 

0 

o 

4 

4 

4 

Pseudoglobulin (34- 
50 per cent. sat. 
ammonium sulphate) 

0 

0 

0 

0 

0 

0 


1 

4 

Albumin (100 per cent, 
sat. ammonium sul- 
phate) 

0 

4 

4 

4 

4 

4 

4 

4 

4 


In all tables fcho numerals designate the grades of clot (see p. 188) as read after 24 hours. 


contained practically all the inhibitory substance. On further 
fractionation slightly more inhibitory substance came down with the 
pseudoglobulin than with the euglobulin. In the case of non-inhibitory 
sera none of the protein fractions showed the inhibitory property. 
Thus the inhibitory substance is either a serum globulin or very closely 
linked with it. 

Specificity of action of the inhibitory substance on staphylocoagulase 

It has already been mentioned that the inhibitory substance 
contained in plasma did not inhibit thrombin ; it has also been noted 
that in serum it was linked with the globulin fraction and was more 
heat-stable than antithrombin. Table II gives the results with a 
fresh serum showing both a high titre of inhibitory substance and 
strong thrombin inhibition. It shows that fractionation of serum 
proteins effects a complete separation of the two factors since, unlike 
the inhibitory substance, antithrombin is present in the albumin 
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fraction only (compare albumin X of Quick, 1938). Thus the inhibitory 
substance acts specifically on stapbylocoagulase. 


Table IX 

Relation of the inhibitory .tubs lance and antithrombin to 
serum protein fractions 


Trcati eerum no. JP am) fractions 


Wholo«OTm{+“W*». 

Gtobuiintaotaf+S'S- ! 


Serum dilutions 

1:2 

1 :4 

1 :8 

1 : 10 

1:32 

1:04 

1:123 


0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

4 

4 

4 

0 

0 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 


* 0-5 c.e. full ftrenstli fhrotnldn (pirparrtl necortling to Quick’s (IP42) method) was added to 0-5 c.c. 
of the various dilutions of eemm and the mixtures Incubated at 07“ C. for P0 minutes ; 0-1 c,c. of un- 
diluted plasma was then added. 


Mechanism of action of the inhibitory substance 

It is striking that in contrast -with the frequent presence of the 
inhibitory substance in serum, only a few of the 104 plasmas examined 
inhibited clotting by coagulase, and this only when undiluted. 
Clearly, if plasma were as frequently and as strongly inhibitory as 
serum the coagulase reaction could not be used as a routine test. 
It seemed unlikely that this contrast was due to the sera representing 
a selected population differing from that yielding the samples of 
plasma, but to exclude this possibility the inhibitor}’ titres of plasma 
and serum from the same individuals were determined. To this end 
five plasmas were selected which did not inhibit clotting at any 
concentration but which delayed clotting in higher as compared 
with lower concentrations. Part of each sample was re-caleified, the 
serum collected and its inhibitory substance content estimated ; the 
inhibitory titre was 1 : 80 with 1, 1 : 40 with 3, and 1 : 20 with 1. 
Tlius a significant difference was established between the inhibitor} 
power of plasma and serum of the same individual. Hence either the 
inhibitory substance must be formed during conversion of fibrinogen 
into fibrin or else its activity in plasma is masked. The second 
possibility appeared the more likely. It was thought that the 
inhibitory substance existed both in plasma and in serum, but that 
its inactivity in the former might be due to coagulase having a 
greater affinity for fibrinogen than for inhibitory substance (compute 
Quick’s view 7 as to the greater affinity of thrombin for fibrinogen than 
for antithrombin). Thus if stapbylocoagulase be presented with 
fibrinogen and inhibitory substance simultaneously, it wall react vn i 
the former and clot it. ’ If, on the other hand, fibrinogen is absent. 
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as in serum, coagulase incubated with inhibitory substance becomes 
neutralised, and fibrinogen added subsequently can no longer be 
clotted. To test this the following experiments were carried out. 
Twelve sera were examined, three sets of serial doubling dilutions 
being set up for each : (a) serum was incubated for 90 minutes with 
coagulase (50 M.C.D.) and then ’plasma added; ( b ) scrum, coagulase 
and plasma were mixed simultaneously, and (c) serum was first 
incubated for 90 minutes with plasma and then coagulase added. 
Table III gives an example of the results obtained. 

Table III 


Showing the relative affinity of staphylocoagulasc for fibrinogen 
and for the inhibitory substance 


Serum no 32 




Serum dilutions 



1 2 

1 4 

1 8 

1 10 

1 32 

1 04 

1 12S 

1 250 

Serum -fcoagulaso incubated, 

then plasma addod 

0 

0 

0 

0 

0 

0 

0 

i 

Serum, coagulase and plasma 
mixed simultaneously 

i 

4 

4 

4 

4 

4 

4 

4 

Scrum ~f-plasraa incubated, then 
coagulase added 

1 

4 

4 

4 

4 

4 

4 

4 


The results show that if fibrinogen is present when coagulase and 
inhibitory substance are mixed the effect of the latter is almost nil. 
Clearly, therefore, coagulase has a greater affinity for fibrinogen than 
for the inhibitory substance and for this reason the investigation of 
plasma gives practically no evidence of the latter’s activity. It also 
follows from these experiments that the inhibitory substance acts 
directly on staphylocoagulase and not by rendering plasma non- 
coagulable. 

Quantitative relatione between the inhibitory substance 
and coagulase 

This was investigated by testing the neutralising pouor of serum 
dilutions for increasing amounts of coagulase, while the fixation time 
(incubation of coagulase-serum mixture) remained the usual 90 
minutes. The results (table IV) indicate that under the conditions 
of the experiment, time being constant, a fixed amount of the 
inhibitory substance is capable of neutralising only a fixed amount 
of coagulase (see also p. 189). Tho rule of multiple proportions holds 
fairly well. 

Influence of fixation-time on the inhibitory litre of sera 

In these experiments the amount of coagulase was kept constant 
(25 M.C.D.) but the time allowed for neutralisation of coagulase by 
of path — vot tvnr N 2 
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the inhibitory substance ranged from 0 to 360 minutes. Prom the 
results (table V) it is seen that the neutralisation of eoagulase by the 
inhibitory substance does not occur instantaneously and does not 
progress indefinitely with increased fixation-time. 

Table IV 


Quantitative relations between the inhibitory substance and eoagulase 


Coagulaso 


Scrum Jf : dilutions 



1 : 30 

l : 20 1 1 : 40 [ 1 : 80 j 1 : ICO , 1 : S20 

! ’ f 1 

1 : m 

.. 

1 ; 1280 

1:2580 

1 M.C.D. . 

0 

I 

0 10 0 0 0 

0 

0 

3 

5 „ . 

0 

0 1 0 0 ’ 0 0 

4 

4 

4 

10 „ . . 

0 

o ! o o,o i 

4 

4 

4 

20 „ . 

0 

0,0 010 4 

4 

4 

4 

50 „ . 

0 

0 1 0 1,3 4 

4 

4 

4 

100 „ 

0 

0 ! 3 4 4 4 

1 

4 

4 

4 


Table V 

Influence of flxation-timc on the inhibitory titre of sera 


i Serum no. 73 : dilutions 

Fixation-time In minutes i — 

'.it i 


( 1:2 

1 : 4 

1:8 

1:10 

1:32 

1:64 

1:123 

1:250 

1:512 

i 

o ! 

1 

3 

4 

4 

4 

4 

4 

4 

4 

30 

0 

1 

4 

4 

4 

4 

4 

4 

4 

00 

0 

0 

0 

3 

4 

4 

4 

4 

4 

90 

0 

0 

0 

0 

0 


I 

3 

4 

120 

0 

0 

0 


mm 


0 

1 

4 

240 1 

0 


0 


Is 

0 

0 

1 

4 


0 

u 

0 


° i 



1 

4 


Reversibility of the coagulase-inhibitory substance 

Serial doubling dilutions of an inhibitory serum were set up in the 
usual way. After 24 hours at 37° C. the tube was selected which 
contained the highest serum dilution showing no clot, and its contents 
divided in two. Half was kept for a further 24 hours at 37° C., while 
to the other half 9 volumes of plasma diluted 1 : 10 were added and 
the tube replaced in the incubator. The undiluted tube, serving as 
a control, remained unclotted, whereas clot formed in the tube to 
which further plasma — i.e. fibrinogen — had been added. Thus the 
inhibitory substance is capable of neutralising eoagulase without 
bringing about a lasting loss of all its clotting power. 

Discussion 

There are marked discrepancies between the findings of previous 
workers, even when positive, and the present results. Several factors 
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may account for these differences. 1 Thus Kemkes (1928), Sudhues 
and Schimrigk (1933) and Cruickshank (1937), who all used live 
cultures of staphylococci to induce clotting, failed to observe inhibition 
of coagulase. This is easily explicable if one considers that a fixed 
amount of inhibitory substance is capable of neutralising only a 
limited amount of coagulase ; with live cultures producing ever 
increasing amounts of coagulase, results were bound to be nil or 
nearly so. Gross (1933) and Walston (1935), who detected coagulase- 
neutralising properties in both human serum and anti-staphylococcal 
rabbit serum, found extremely low titres as compared with our 
results. It must be noted, however, that in their experiments the 
time of contact was shorter (CO minutes) ; now, as has been seen, 
the time allowed for fixation between the inhibitory substance and 
coagulaso is a decisive factor. Also data are lacking as to the amounts 
of coagulase used by them ; here again, our experiments show that if 
there is an excess of coagulase relative to the inhibitory substance 
no information about tlie latter may be obtained. 

Another problem is the nature of the inhibitory substance ; many 
of the findings are in favour of its being an antibody. The following 
properties, generally accepted as characteristic of antibodies, are 
shown by it : — linkage with the globulin fraction of serum proteins, 
relative heat-resistance, specificity for the corresponding antigen, 
reaction with the latter following the rule of multiple proportions, 
and time-relations according to which antibody combines gradually 
with the antigen but cannot neutralise more than a fixed amount 
of antigen no matter how long the time of contact. By definition, 
however, an antibody is an immunity response to an antigen ; there 
is actually little evidence, and that conflicting, as to whether coagulase 
is antigenic. Thus Gross (1933) was able to produce in the rabbit an 
immune anti-coagulase, but both Walston (1935) and Smith and Hale 
(1944) failed. Walston attempted to immunise two rabbits by intra- 
peritoneal and intravenous injections and despite negative results 
considers coagulase as antigenic ; Smith and Hale give no details of 
their experiments. The failures may be due to such factors as mode 
of immunisation and insufficient length of treatment, or rabbits and 
guinea-pigs may be less responsive than man. Although the possibility 
cannot be entirely excluded that the inhibitory substance is not an 
immunity response to staphylococcus and only by chance exhibits so 
many properties of an antibody, nevertheless the positive results of 
immunisation obtained by Gross (1933) and our in-vitro observations 
appear more significant than the failures. Accordingly, the antibody 
hypothesis, since it fits most of the observed facts, may justifiably 
ho maintained until experimental proof to the contrary is brought. 
The scantiness of the inhibitory substance in commercial antitoxio 
rabbit sera may then bo explained on the following lines. Gross 
(1931-32) found coagulase only in filtrates of young cultures (we can 
amply confirm this) and when hsemolysin or toxin was present coagulase 
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could no longer be found. Since highly toxic preparations of old 
cultures are generally used for the purpose of obtaining antitoxic 
sera, absence or low titre of a coagulase-neutralising antibody in 
antitoxic rabbit sera is to be expected (see also Walston). 

In the present study no serious attempt has been made to establish 
the antigenicity of coagulase by correlating the serological findings 
with the clinical condition of the individuals yielding the sera. It 
can be said, however, that the incidence of high titres of inhibitory 
substance in the sera of clinically healthy people or patients with 
non-staphylococeal diseases is considerably greater than among 
patients suffering from severe staphylococcal infections. On the 
view that the inhibitory substance is an antibody, its absence or 
presence only in low titre in a serum would appear to predispose to 
major staphylococcal infections. Its presence in the blood of clinically 
healthy people (considering the extensive natural distribution of 
Stajihylococcus aureus) could be accounted for by previous staphylo- 
coccal infections or silent immunisation, or by its being a so-called 
natural antibody. Successful results of experimental immunisation 
with coagulase in man or animals should definitely determine the 
nature of the inhibitory substance. 

Summary 

1. A substance specifically inliibiting the clotting of plasma by 
stapl13docoaguIa.se was found in human sera ; it acts bj 1 - neutralising 
coagulase and not by rendering plasma non-coagulable. A technique 
for its quantitative estimation is described. 

2. The inhibitor substance was found in 212 out of 348 sera ; its 
incidence in healthy people appears to be higher than among patients 
suffering from severe staphylococcal infections. No attempt was 
made, however, to correlate closel3 r clinical with serological findings. 

3. The inhibitor substance is precipitated b3 r ammonium sulphate 
with the globulin fraction of serum proteins and is relative^ heat- 
stable, resisting 63° C. for 30 minutes. 

4. It is different from Quick’s albumin X, which inhibits thrombin 
clotting of plasma. 

5. Neutralisation of coagulase ly the inliibitoy substance requires 
time, but neutralisation does not progress indefinitely with increase 
of time. The eoagulase-inhibitor}' substance relation conforms to the 
rule of multiple proportions. The reaction is, in part at least, 
reversible. 

6. The inhibitory substance has antibod,y characteristics bu 
cannot yet be definitely accepted as such. 

This work was carried out by one of us (L L.) during the tenure of a Carnegie 
Teaching Fellowship. Wo have to thank the Rankin Research Fund for a grant 
toward the expensos. Thanks are also due to Dre R. Burns, A. S. Doug 
and I. A. McGregor for supplying sera and to Dr T. Fraser for plasmas , 
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Dr H. Munro, Physiology Department, Glasgow University, for advice on 
problems of blood clotting, and to the Misses E. Grossfeld and E. M. Harper 
for their assistance. 
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THE LESIONS OF SHEEP DERMATITIS VIRUS 
INFECTION IN THE RABBIT AND GUINEA-PIG 
WITH PARTICULAR REFERENCE TO THE 
- TUMOUR VIRUSES* 

F. R. Selbie 

From the Bland-Sutton Institute of Pathology 
The Middlesex Hospital, London 

(Plates XXII-XXVI) 

The transmission to rabbits and guinea-pigs of a virus derived from 
an outbreak of sheep dermatitis has been described in two previous 
communications (Selbie, 1944, 1945). Inoculation of the virus on the 
scarified skin produces in the rabbit a pseudopapillomatous lesion, 
whereas in the guinea-pig the lesion is of a more exudative type. 
The infection in the guinea-pig is also of shorter duration and is 
followed by less resistance to reinfection than in the rabbit. In this 
communication the histology of the rabbit and guinea-pig lesions are 
described and the significance of the difference in the response of these 
animals to the virus is discussed. 

The rabbit lesion 

First week. In rabbits that have been inoculated with fully active virus 
suspensions the only visible reaction during the first 6-9 days is the healing of 
the scarification lines, which is usually completed by the 3rd or 4th day. 

Histology. On microscopical examination changes are already apparent 
between the 4th and 7th days, or 2 days before there is any naked eye evidence 
of infection. At this early stage there is some thickening of the epidermis, 
especially the malpighian layer, where the cells are slightly enlarged and 
increased in number. That this change is hyperplastic in nature is evident 
from the increased number of mitoses in the basal layer. There is also a 
moderate infiltration of the most superficial part of the dermis by mononuclear 
inflammatory cells. 

Second week. The first visible evidence of infection, winch usually appears 
at the beginning of the second week, is the presence of slightly scaly erythematous 
patches which become confluent and more deeply erythematous within the next 
2 days. Meanwhile scaliness increases and some thickening of the skin can be 
detected. By the end of the second week the skin is considerably thickened 
and is covered with an opaque layer of dry scales. 


* Being part of a thesis approved by the University of London for the award of 
the degree of Ph.D. 
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Histology. A section of a lesion 9 days after inoculation and 3 days after 
erythema and scaliness first appeared shows that epithelinl hyperplasia has 
progressed considerably and that the scaly appearanco of the lesion is due to 
parakeratosis (fig. 1). Epithelial hyperplasia is no longer confined to the 
epidermis but has now extended to the upper parts of the hair sheaths. In- 
flammatory infiltration by mononuclear cells is still moderate and largely 
confined to the superficial part of the dermis, while congestion and oedema 
are now apparent, particularly in the dermal papilla;. 

By the end of the second week hyperplasia is much more evident in the 
upper parts of the hair sheaths than in the epidermis (fig. 2). There is now 
considerable congestion and oedema of the dermis, while the inflammatory 
cellular infiltration is more intense and extends to a greater depth, although 
it is still confined to the immediate neighbourhood of tho affected hair follicles. 
Under liigher magnification it can bo seen that, whereas in the earlier stages 
the inflammatory cells are mainly large mononuclear cells with pale nuclei, 
there is now, in addition, an infiltration by an almost equal number of small 
lymphocytes and a few polymorphonuclear leucocytes. 

Third wo ok. During tho third weok after inoculation tho thickening and 
scaliness of tho skin increases progressively, so that tho lesions become nodular, 
with a rough, scaly, almost warty surface. Towards the end of tho week it 
becomes apparent that tho inerensed nodularity is in part due to small abscesses 
from which pus can be readily expressed. This pyogenic infection combined 
with tho virus lesion produces characteristic scurfy nodules which are covered 
with a mass of matted hair, keratin scales and dried exudate. 

Histology. Microscopical examination of a lesion 19 days after inoculation 
shows great hyperplasia of the hair sheaths, which have extended to the surface 
to form a series of papilliform outgrowths covered with irregular layers of 
keratin. Hero again hyperplasia is confined to tho upper parts of the hair 
follicles and tho inflammatory' reaction is mainly' associated with the hyper- 
plastic epithelium. 

Fourth week. Tho course of tho experimental disease during the fourth 
week dopends largely on tho severity' of tho py'Ogenic infection and apparently 
to some extent on tho sensitivity' of tho rabbits. In most rabbits the nodular 
growths continue to increnso in size so that the lesions look like scurfy 1 papillo- 
matous growths with irregular tufts of hair. 

Histology. The effects of pyogenic infection have now become prominent, 
especially in tho hyperplastic hair follicles, which are readily' infected by bacteria 
and trichophyton. In fig. 3, from a lesion 24 day's after inoculation, it can be 
seen that a hyperplastic hair follicle is distended with pus which has broken 
through the lining epithelium to form an abscess in tho neighbouring tissue. 
However, in spite of the superimposed pyogenic infection, tho hyperplastic 
character of the virus lesion is well maintained and at a higher magnification 
(fig. 4) numorous mitoses can ho seen in the proliferating epithelium. The 
supporting connective tissue is highly congested and codemntous and is heavily 
infiltrated, mainly' by mononuclear cells and lymphocytes. Even at this stage 
polyunorphonuclear leucocytes are not found in any number except in association 
with the follicular abscesses. 

Subsequent course. The lesions aro usually fully developed by' the end 
of the fourth week and in most rabbits remain substantially’ unchanged for a 
further 2-4 weeks. During regression, which may commence at any time from 
the 4th to tho 8th week, the superficial nodules drop off, leaving a thickene 
and slightly' scaly' epithelium with small ulcers which heal rapidly’. 

Histology. A section of a lesion 32 days after inoculation shows that the 
massive hyperplasia of the hair follicles has formed a papillomatous type o 
growth. Tlus is heavily infected, but the collections of pus aro mostly contauie 
within enlarged hair follicles. The follicular outgrowths are supported by a 
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Sheep dermatitis 



Fi« 1 — Rabbit 119, 23rrl rabbit passage, 9 dajs after inoculation with an extract of 
fiesh rabbit lesions ami 3 days after first naked oje c\ idenco of infection Hyper 
plasm of epidermis and upper parts of hair sheaths , moderate mononuclear 
infiltration of dermis H and E X 01 



l*i< 2 — Rabbit 51, 8th rabbit passage, 14 dajs after inoculation with an extract of 
fresh rabbit lesions and 7 dajs after first naked ejo evidence of infection Hyper 
plasm now moro ad\ anced in hair sheaths than in epidermis , congestion, a?dema 
nnd mflnmmntorj infiltration of dermis H and E x 28 
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highly vascular connective tissue which is heavily infiltrated, mainly by small 
lymphocytes. Large masses of lymphocytes are also found in what appear to 
be dilated lymphatic channels, especially near the tips of the papilliform out- 
growths. Large mononuclear cells with pale nuclei are also present in largo 
numbers and form the majority of the infiltrating cells towards the base of the 
lesion, while plasma cells are found in smalt numbers, especially in association 
with degenerating epithelium. It is ngain noteworthy that only small numbers 
of polymorphonuclear leucocytes are found in the connective tissue, except 
where tho epithelial lining of infected hair follicles has been destroyed. 

The papillomatous appearance of tho lesion persists for a variable period, 
during which the follicular abscesses increase in size so that the outgrowths 
finally consist mainly of multiple abscesses lined by hyperplastic epithelium 
which is in turn supported by narrow tongues of connective tissue. Even when 
the lesions are beginning to separato a moderate number of mitoses are found 
in the hyperplastic epithelium, while tho inflammatory cells infiltrating the 
connective tissue aro still mainly large ■mononuclear cells, lymphocytes and 
plasma cells, with a relatively small number of polymorphonuclear leucocytes. 

The areas of ulceration left by tho separation of tho superficial infected 
mass are rapidly covered by epithelium. Deep extensions of tho follicular 
abscesses into the dermis are also rapidly resolved, so that within 10 days all 
that remain aro foci of degenerating epithelium, macrophages, lymphocytes, 
plasma cells and a few polymorphonuclear leucocytes. The skin may take as 
long as 3 weeks to regain its normal histological appearanco; even then 
there is still some irregularity in the arrangement of the regenerated hair 
follicles and some infiltration by mononuclear inflammatory cells immediately 
under the epidermis. 


The guinea-pig lesion 

First week. In guinea-pigs that have been inoculated with active virus 
material specific changes in the skin do not become visible until at least tho 
6th day after inoculation, when a few minute scattered reddish brown papules 
appear. 

Histology. The first histological evidence of infection can bo seen 3 days 
after inoculation, when the epidormis shows some enlargement of the malpighian 
cells and increased mitotic activity in the basal layer. At a few scattered 
points of the epidermis there is also a widening of the spaces between the 
malpighian cells characteristic of intercellular cedoma (fig. 5). These epithelial 
changes are accompanied by a moderate infiltration by mononuclear cells 
immediately under the epidermis. 

Within the next two days there appear small foci in the epidermis where 
cedoma has progressed to form a number of locules between the epithelial cells, 
which are thomselves distorted by the pressure of tho intercellular fluid (fig. 6). 
These locules contain mononuclear inflammatory cells which have apparently 
invaded the intercellular spaces by way of breaches in the basal layer as shown 
towards the right of fig. 6. 

Second week. On the 7th or 8th day tho inoculated area of skin begins to 
get scaly in patches and papules can no longer be detected. Within two day3 
the whole area is deeply erythematous, thickened and covered with a layer 
of fins scales. This is followed by an exudative phase, so that by the end of 
the week the affected skin is covered with a flat brittle scab consisting of scales 
and dried exudate. 

Histology. Microscopical examination at tho beginning of the second week 
shows that the epidermis is considerably thickened, there being numerous 
mitoses in tho basal layer and hypertrophy of the malpighian cells. Inter- 
cellular cedemn is present in the basal layer and has progressed to the formation 
of a few scattered intra -epidermal vesicles in the malpighian layer. There is 



202 


F. Jl. SELBIE 


also commencing hyperplasia and intercellular oedema in the hair sheaths. 
The dermis is congested but shows only n moderate infiltration by mononuclear 
inflammatory cells. , 

An advanced vesicular lesion is shown in figs. 7 and 8, from a section of 
skin removed 11 days after inoculation. This lesion consists of a pustule 
superimposed on a multiloculnr vcsiclo from which it is divided by an irregular 
layer of keratinised colls (fig. 7), Tho vesicle is traversed by a hair follicle to 
the right of which tho basal layer of tho epidermis 1ms disappeared. This part 
of the vesicle contains a network of partially detached epithelial cells, inflam- 
matory cells and a fow strands of keratin. Tho part of tho vesicle to the left 
of tho hair follicle is shown at a higher magnification in fig. 8. The vesicle here 
consists of a number of locules of various sizes, tho walls of which are epithelial 
colls which have been stretched and flattened out. Comparison with fig. 6 will 
show that this has been brought about by the increasing intercellular (edema 
which, nt first producing locules between tho cells, goes on to form larger 
locules by stretching and disrupting (he epithelial cells. Tho contents are 
degenerating opithclial cells, mononuclear inflammatory colls and a fow poly- 
morphonuclear leucocytes. Other changes seen nt this stage are intercellular 
oedema and invasion by mononuclear cells of the hyperplastic upper parts of tho 
hair sheaths and moderate infiltration of the dermis by mononuclear cells and 
a few lymphocytes and polymorphonuclear leucocytes. 

This process of vesiculation continues until tho upper part of the epidermis, 
including a largo part of tho mnlpighian layer, sloughs off, ns shown in fig. 9 
of a section of skin 12 days after inoculation. Tho slough consists of keratin, 
keratinised and degenerating opitholinl colls, large numbers of polymorpho- 
nuclear leucocytes and exudate. Tho remaining epithelium, including that of 
the superficial parts of the hair shent iis, is hyperplastic and cedematous, and 
tho intercellular spaces are invaded by numerous polymorphonuclear leucocytes 
and a few mononuclear inflammatory cells. Tho dermis immediately below 
tho epithelium is congested, cedematous and moderately infiltrated by mono- 
nuclear cells and to a much less oxtent by polymorphonuclear leucocytes. 

Subsequent course. During the grentor part of tho 3rd week there is 
little change in tho general appearnneo of tho lesion except that tho scab gets 
thicker and show's numerous fissures which have a tendency to bleed. Towards 
the end of tho 3rd week tho scab begins to finlic off, leaving an entire, somewhat 
tliickened and hairless skin by the end of the 4th week. 

Histology. Tho degenerative changes in the epithelium are of short duration 
and are followed by a phase of continuing hyperplasia of the upper parts of the 
hair sheaths. Tho affected epithelium is still cedematous and infiltrated by 
numerous polymorphonuclear leucocytes, while the dermis is congested and 
infiltrated by a moderato number of mononuclear cells and polymorphonuclear 
leucocj'tes. . 

Resolution of tho lesion is now rapid, so that by the end of the 3rd week the 
skin has in most eases almost regained its normal appearance, except that t ib 
malpighian layer is considerably wider than normal and numerous mitoses 
are present in tho basal layer (fig. 10). In some cases hyperplasia of the hair 
sheaths continues for a somewhat longer period but is never os prolonged or 
as extensive as that found in the rabbit. Congestion of tho dermis, with a 
moderate inflammatory coll infiltration, mostly by' mononuclear cells, is s 
present at the ond of tho 4th week and tho skin may' not entirely' regain i s 
normal histological appearance until about the 6th week after inoculation. 

Discussion 

It has already been shown (Selbie, 1944) that the virus agent of 
this experimental disease was derived from an infectious outbreak in 
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lambs, which, in its opidemiological, clinical and histological features, 
was characteristic of contagious pustular dermatitis of the sheep as 
described by Glover (1928). Neutralisation tests on rabbits with the 
sera of lambs recovered from infection with known strains of the 
natural sheep virus also indicate that the experimental virus is closely 
related to the sheep virus, but in view of a recent failure to transmit 
the experimental virus to lambs there is still some doubt of its identity 
(Selbie, 1945). The histological features described here, however, give 
further evidence of the identity of the experimental virus with known 
strains of the sheep virus in that the guinea-pig and' rabbit lesions 
closely resemble the two forms of the sheep virus infection described 
by Glover. The guinea-pig infection is similar to the lamb infection 
following inoculation on the inner aspect of the thigh, which commences 
as papules on the fifth day and, after passing through the stages of 
vesicle, pustule and scab, terminates with the scab falling off about 
the 24th day. Microscopically the guinea-pig and lamb lesions show 
the same stages of vesicle, pustule and slough, although the lamb 
lesion is perhaps somewhat more degenerative, with a greater pre- 
ponderance of polymorphonuclear leucocytes in the inflammatory 
infiltration. The rabbit infection, on the other hand, is similar to that 
following inoculation on the lip of the lamb, in which an exudative 
stage lasting up to the 15th day is followed by a phase of epithelial 
proliferation leading to the formation of dense papillomatous growths. 
This phase persists for several weeks. Another respect in which these 
conditions resemble each other is that virus inclusion bodies have not 
been observed in the infection described here nor in contagious pustular 
dermatitis (Glover). The' histological findings aro thus consistent with 
the view that the experimental virus strain is closely related to known 
strains of the sheep virus and differs only in the range of its patho- 
genicity to animals. 

The diversity of the lesions produced by this virus are of consider- 
able interest in relation to the pathology of virus infections generally. 
Borrel (1903), in his account of the epithelioses and epitheliomata, 
held that the primary response of epithelial cells to the action of a 
virus is proliferative and that the epithelial virus diseases can be 
roughly classified into groups depending on whether they proceed to 
the formation of pustules or epithelial overgrowth. However, the 
experimental infection here described shows that a single virus strain 
can produce infections belonging to both Borrel’s main classes. In 
the guinea-pig the infection is of a degenerative type, with formation 
of vesicles and pustules and destruction of most of the epidermis, 
whereas the rabbit lesion is of a proliferative type, with hyperplasia 
of the hair follicles leading to papillomatous outgrowths which may 
persist for as long ns 6-8 weeks after inoculation. At the same time 
the lesions show a certain affinity in that there are proliferative 
changes in the guinea-pig, particularly in the hair sheaths, but to a 
much less extent than in the rabbit. 
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It has ah'eady been reported that the rabbit is completely 
refractory to reinfection with tliis virus for at least 100 days after 
successful primary inoculation, whereas the reinfected guinea-pw 
responds with a slightly modified infection (Selbie, 1045). The 
diversity of the lesions in these animals may therefore be due to the 
development of resistance being more complete in the rabbit than in 
the guinea-pig, thus determining a less virulent infection and so a 
more proliferative type of response. In support of this view is the 
production of degenerative lesions in young animals with the viruses 
of fowl lymphomatosis, fowl tumours and rabbit fibroma. Blakemore 
(1939) has inoculated young chicles with a virulent strain of fowl 
lymphomatosis virus and has obtained necrotising inflammatory 
lesions in the heart and liver followed by neoplasia in some of the 
animals that survive. When Rous or Fujinami fowl sarcoma virus 
is injected into newly hatched chicks (Duran-Reynals and Thomas, 
1940-41) or chick embryos (Milford and Duran-Reynals, 1943) it 
causes, instead of tumour growth, a destructive haemorrhagic disease, 
a response which has been ascribed by Duran-Reynals and Estrada 
(1940) to a lack of resistance to the virus. Similarly the rabbit 
fibroma virus induces in adult rabbits a neoplastic type of lesion of 
considerable duration, but in new-born rabbits an acute, predominantly 
inflammatory and destructive disease, which again can be correlated 
with low resistance to the virus (Duran-Reynals, 1940-41, 1945). 

Factor's other than general resistance, however, may also play 
a part in determining the response to a virus infection. This can be 
seen in the diverse lesions caused by a single -virus in different 
situations in the same host. One example, that of the degenerative 
and proliferative lesions of contagious pustular dermatitis on the 
thigh and lip of the lamb, has already been mentioned. Another 
example is in sheep-pox, where the visceral lesions are highly hyper- 
plastic in contrast to the exudative lesions of the skin. In these 
infections it would appear that the response to the vh'us, or perhaps to 
immune bodies, is determined by some intrinsic cellular factor. Such 
a factor would also appear to play a part in determining the response 
of the guinea-pig and rabbit to sheep dermatitis virus, because the 
distinctive degenerative character of the guinea-pig infection is 
maintained even in the presence of partial immunity, which would 
be expected to alter the nature of the lesion if immunity was the only 
determining factor. 

The findings here described and those quoted from other workers 
have an immediate interest in relation to the tumour viruses because 
they also are liighly dependent on the susceptibility of the host cells. 
Thus the papilloma virus of Shope and Hurst (1933) in its natural host, 
the cotton tail, causes a benign papillomatosis whickis usually self-limited 
and rarely becomes malignant, but when this virus is transferred to 
the domestic rabbit it causes a much more progressive infection which 
almost invariably terminates in carcinoma. Such an outcome can be 
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Plate XXIII 


Sheep dekmatitis 



Fio. 3. — Rabbit 30, 7th rabbit passage, 24 (lays after inoculation with an extract of 
fresh rabbit losions ami 16 days after first naked eye evidcnco of infection- Out- 
growth of hyperplastic hair follicles with pyogenic abscess formation. H. and E. 
X21. 
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Plate XXIV 


Sheep dermatitis 



Fio 6 — Guinea pip II, 2 clays Inter than in fig 5 and 1 day boforo first nal cd eje 
midence of infection Intra epidermal locules containing mononuclear inflnm 


matory cells H nndE X390 
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SlTEEP DERMATITIS 



Fiq 7 — Gumcn pig 13, 2nd guinea pig passage, 11 days after inoculation with an 
extract of fresh lesions from guinea pigs II and 12 and 4 days after first naked eye 
evidence of infection Pustule superimposed on multilocular intra epidermal 
vesicle. H. and E. X 85 
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Plate XXVI 


Sheep dermatitis 



Fig. 9 . — Guinea pig 0 , 12 days after inoculation with an extract of clried lesions from 
rabbits 83 and 84 that had been stored for 184 days and 5 days after first naked ej e 
evidenco of infection. Necrosis and separation of upper layer of epidermis 
H. and E, x 85. 



Fla. 10. — Guinea-pig 9, 7 days later than in fig. 9. Resolution of the lesion. 
H. and E. x 85. 




SHEEP DERMATITIS 


205 


greatly accelerated by preliminary painting of the skin with a 
carcinogenic agent (Rous and Kidd, 1938 ; Kidd and Rous, 1938 ; 
McIntosh and Selbie, 1940). In like manner the activity of the milk 
factor, which has been shown by Bittner (1937) to be the essential 
agent in the genesis of mammary cancer in certain strains of mice, 
is profoundly modified by differences in the hereditary constitution 
or hormonal stimulation of the mammary tissue of the host (Bittner, 
1941 ; Dmochowski and Gyc, 1944 ; Dmochowski, 1944). The same 
is true of the fowl sarcoma viruses, which can be greatly favoured in 
their activity by the provision of a suitable tissue reaction as in the 
Rous sarcoma virus (McIntosh and Selbie, 1943) or by the choice of 
susceptible strains of fowls for the chemical induction of tumours 
and their propagation by cell-free filtrates (McIntosh, 1933 ; McIntosh 
and Selbie, 1939). In tills connection the observations of Duran- 
Reynals and Thomas (1940-41) on the purely degenerative lesions 
caused by Rous and Kujinami sarcoma viruses in young chicles are of 
particular interest in that they show that tumour viruses are capable of 
producing lesions other than neoplastic. 

The activity of tumour viruses is thus so highly conditioned by 
environmental influences that it would almost appear that these 
agents play only a lesser role in tumour production. However, it has 
been shown here that a high degree of dependence on the nature and 
environment of the infected cells is not a peculiarity of the tumour 
viruses and cannot therefore be adduced as evidence against the 
essential role of these agents in the genesis of virus tumours. 

Summary 

The histology of rabbit and guinea-pig lesions produced by a virus 
derived from an outbreak of sheep dermatitis is described. 

The characteristic feature of the lesion in the rabbit is an excessive 
hyperplasia of the hair sheaths, which form large papillomatous 
■outgrowths, whereas in the guinea-pig the lesion is of a degenerative 
type similar to vaccinia. 

The significance of the difference in the response of these animals 
to the virus is discussed with particular reference to the tumour 
viruses. 

The expenses of this research were defrayed by the British Empire Cancer 
■Campaign. 
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THROMBOSIS AS A FACTOR IN THE PATHO- 
GENESIS OF CORONARY ATHEROSCLEROSIS 

J. B. Duguid 

The Department of Pathology, The. National School 

of Medicine . Cardiff 

(Plates XXVII-XXX) 

We have been taught to regard atherosclerosis as an overgrowth of 
and degenerative change in the intima of arteries. This view is so 
firmly established that we have come to regard it as a ruling principle, 
yet evidence may bo found in the coronary arteries that the lesions 
we classify as atherosclerosis can arise by quite a different process, 
namely the organisation of thrombus. For a number of years sections 
of a thrombosed coronary artery were used in our pathology classes 
to illustrate the process of canalisation. The artery, whioh had an 
organised thrombus with many channels running through it, provided 
a large number of sections, until a point was reached where the 
formation changed. Instead of many channels there was now a 
single lumen surrounded by a greatly thickened wall in which were 
foci of fatty degeneration. The picture had in fact changed from 
thrombosis to atherosclerosis. In order to see how this had come 
about, the sections were examined in serial order, whereupon it was 
found that the thrombosis was not limited to the region in which 
there was canalisation, but extended further along the vessel in the 
form of a thiok inner lining which, being organised and adherent, 
had the appearance of an intimal overgrowth. . v 

The above observation led me to enquire further into the pathology 
of coronary thrombosis, and from twenty-six cases of, this condition 
which I was able to collect, information of a highly significant land 
was obtained.* 

The first case to be examined provided evidence which fully boro out the 
previous finding. In the circumflex branch of the left coronary artery there 
was a canalised thrombus about a quarter of an inch in length, with diffuse 
thickening of the vessel both proximal and distal to it. In fig. 1 is seen a 
cross section of the artery near the end of the canalised portion, where there 

f ‘ n ^ ormat ‘ ori ' vas obtained mainly from frozen sections, those being preferable 

lor the study of arterial disease, not only because they are more convenient for fat 
but also because they give v clearer representation of the variations in texture 
oi the connective tissues than do paraffin sections. The distinction of the three 
layers m fig. H, for example, would not as a rule bo so well shown in a paraffin section. 
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are two channels, while in fig. 2 the thickened part about 4 mm. beyond this is 
shown, where the two channels have joined to form a single lumen. The tissue 
which separates the two channels in fig. 1 can safely be taken as organised 
thrombus, since no other pathological mechanism we know of is likely to 
produce such a formation, yet there is no clear lino of demarcation between the 
new tissue and the intima and, were it not dividing the lumen of the vessel in 
this significant fashion, it might be taken for an overgrowth of the intima. 
In fig. 2 the same tissue is seen, but here, since there is one lumen instead of 
two channels, the picture is characteristic of atherosclerosis. 


The histology of coboxahy thrombosis ' 

A great variety of thrombi were found in the hearts examined, 
some filling the arterial lumen, others merely forming mural deposits. 
They varied in composition, some being pale and composed purely 
of fibrin, others red and consisting of masses of closely packed blood 
corpuscles with only a few strands of fibrin binding them together. 
Most were mixed, being composed mainly of fibrin but with red areas 
here and there. There were thrombi which appeared to be composed 
of platelets, forming vegetations on the walls of the arteries similar to 
those occurring on the heart valves, and there were also clots of 
gelatinous substance filling the lumina of the arteries in some regions. 
The thrombi were of various ages, some newly formed, others in an 
advanced stage of organisation, and it was from a study of the 
organisation that the most significant information was obtained. 
This can best be conveyed by the series of illustrations submitted, 
together with my interpretation of the process concerned. 

The organisation of an arterial thrombus 

When a thrombus forms in an artery it adheres to the wall, the 
endothelium disappears and there is an invasion of the mass by 
connective tissue cells from the intima. These bring about a pro- 
gressive transformation of the outer layers of the thrombus into 
fibrous tissue, so that an advancing zone of fibrosis is formed which 
overruns and obliterates the original line of demarcation between 
thrombus and intima. The effect is an appearance of fibrous thickening 
similar to that seen in inflammation of the pleura or pericardium. At 
the same time blood vessels penetrate into the interior of the thrombus 
accompanied by connective tissue cells which gradually transform it 
into fibrous tissue. Complete organisation may thus be effected, 
but the progress of this change depends to a great extent on the 
composition of the mass. Pure fibrin, which is relatively firm m 
structure, is fairly readily organised, but collections of corpuscles siic i 
as are found in “ red ” thrombi (fig. 3) commonly undergo softening 
and fatty degeneration, winch interfere with the process. ® 
corpuscles break down and globules of fat appear amongst them an 
accumulate until they obscure everything else, so that the whole mas- 
becomes semi-fluid or paste-like. Such masses, having no rrn 



1 ic* 3 —Recent mixed thrombus in a coronary 
Tho paler areas arc fibrinous, tho 
uarh ones red blood clot The largo black 
area, winch is a solid mass of corpuscles, is 
tending to crumble and se\eral cracks aro 
MSiblo m it The thrombus has become 
partly detached from tho \ essol w all, lea\ ing 
a marginal space which is lined with endo 
tticlium Xo fat is present in tho thrombus, 
u the black streaks in the icssel wall aro 
old areas of fatty degonoration x 13 

Fro? on sections Su 


Fig 4 — Somewhat older thrombus, with 
early organisation and a marginal space 
lined avi tli endothelium A layer of fibrous 
tissue has begun to develop m tho exposed 
surfneo of tho thrombus and there is 
organisation, with an irregular zone of 
fibrosis encroaching on it from tho mtimn, 
round the rest of its circumferpnco Fatty 
change, present in considerable amount m 
tho thrombus, 13 represented by' tho darkest 
patches x 13 
111 and hi.mnlum 
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Plate XXVXII 


Organisation of coronary thrombosis 



Fig 5 — Adv anced atherosclerosis with con 
atriction of the lumen in a coronary artery 
The formation is essentially similar to that 
in fig 4, there being a mass of degenerato 
material oncroaclnng on the lumen but 
leaving a channel at one side, a layer of 
fibrous tissue covers the exposed surface of 
the mass and a zone of organisation extends 
into it from tlio intima around its attached 
margins Tho mass is entirely fatty except 
for an area which is calcified at (x) x l r > 



10 , ^ Higher magnification of part of fig 6, 
Showing the lining of endothelial cells ex 
ending from the intimal surface over the 
suriaeo of tho thrombus The dark patches 
at (x) are fibrinoid '* material x 80 



Pig 6 — Recent fibrin thrombus deposited 
in an old thickening of tho vessel wall 
The surface layer at its thickest part 
has been torn away during mounting, 
but part of its surface is covered by 
endothelium X 15 



Fic 8 —A fibrinous mural thrombus which is 
partly organised, w ith a sheot of fibrous tissue 
covering its surface There is also organisation, 
with an irregular formation of blood vessels 
invading its basal lajers (see fig 0) On the 
rest of tho mtimal surface the superficial 
layers, w Inch appear somew hat thickened (see 
explanation of fig 14), nro dark stained owing 
to a fine fatty dusting of tho tissues x 16 





Organisation of coronary thrombosis 



Fig. 9. — -Higher magnification of part of tho 
previous illustration, showing tho main moss 
of thrombus composed of hyaline fibrin 
or “ fibrinoid ” material (seo also fig. 14) 
and tho covering layor of fibrous tissuo. 
The fibrinous mass is broken up and invaded 
by connective tissue cells, while blood vessels 
are penetrating it from its base. X 140. 



Fig. 11. — Threo distinct layers of fibrous 
thickening aro seen, ono above the other. 

The inner layer (A) consists mostly of 
unorganised fibrin covered with a layer 
of fibrous tissue, the middle layer (B) is 
entirely fibrous, and tho outer (C) is 
mostly fibrous but also contains a 
focus of calcification (x)„ x 15. 

Paraffin sections. 



Fio. 10. — -A recent almost completely organised 
tlirombus is seen in tho left half of the artery. 
Tho fino stroaks at (A) xn its deeper layere are 
capillaries and connective tissue cells, repre- 
senting organisation. Tho dull grey patches at 
(B) in the intermediate layers are unorganised 
fibrin; the surface layer is new fibrous tissue, 
Tho right half of the artery shows an older 
fibrous thickening with fatty degeneration. 
X1G. 



Fig. 12. — A similar formation to that shown 
in fig. 11 but until softening, there being threo 
foci of atheromatous degeneration ono ftbovo 
tho other, with layers of fibrous tissuo between. 
In (A) nil that remains is tho covering layer of 
fibrous tissue with somo remnants of fatty 
dobris clinging to it nt ono corner. Tho outer 
foci (B) and (Cj are calcified, with tho result 
that tho section was tom in cutting, x 13. 

Ha-malum and oosin 




JOURNAL OF PATHOLOGY — Vol. LY3II 


Plate XXX 


OnOANISATION OF CORONARY THROMBOSIS 



Fio. 13. — Coronary artery from a case of hyper- Fio. 14. — The same lesion as in figs. 8 

tension showing a small surface clot associated and 9, stained to show fibrin. In 

with an old fibrous thickening in which there is a addition to the main mass which 

patch of softening (x). There is no organisation projects into the lumen of the vessel 

of the clot, but separation, which occurred in there are thin layers of fibrin spread 

embedding, has left a frayed surface. Paraffin over the rest of the mtimnl surface (x). 

section. Hsemnlum and eosin. x 20. In the frozen section (fig. 8) these layers 

are marked by fine fatty dusting. 
Paraffin section. Woigert’s fibrin stain. 
X55. 



. lu. A higher magnification of Fio. 16. — A subendothelial streak of hyaline or 
rvfr» Sn,ino . showing a deposit “ fibrinoid ” material on a thickened mtima. 

oli J. nn "'Ah endothelial cells on its Frozen section. Sudan III and haemal um. 

surface. Paraffin section. Hrem- x 190 

alum and eosin. x 170. 
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structure on which the organising mechanism can build, tend to 
persist as areas of fatty degeneration, and it would appear as if this 
were one of the ways in which atheromatous patches are produced. 
Fatty change, it should be added, aiso occurs in fibrin thrombi, hut in 
them it is not usually associated with softening and is not therefore 
so permanent. When the fibrin is transformed into fibrous tissue, 
the fats are taken up by phagocytes which tend to collect in clusters 
around the zones of organisation ; these form a prominent feature 
of atherosclerotic foci. 

Canalisation 

Another important feature of arterial tlrrombosis is seen in fig. 3. 
A thrombus may shrink and become partly detached from the vessel 
wall, leaving open spaces at its margins. Such spaces become lined 
with endothelium and form channels along which blood may pass. 
There may be several of these channels but more often there is only 
one, winch may enlarge so that it performs more or less the function 
of the original lumen. The formation of the endothelial lining, which 
is brought about by growth of cells spreading from the free surface 
of the intima over the exposed surface of the thrombus, is next 
followed by organisation of the superficial or, as they may now be 
called, subendothelial layers of the thrombus, and the formation of 
a covering sheet of fibrous tissue over its surface (fig. 4). Progressive 
organisation also takes place around the adherent margins of the 
thrombus, so that eventually the whole mass becomes encased in new 
fibrous tissue, all of which is continuous with the intima of the vessel. 
Thus the mass now appears as if it were embedded in a thickened 
intima, and when fatty degeneration is present the familiar athero- 
sclerotic nodule is produced (fig. 5). 


Mural thrombi 

The same process comes into play in mural thrombosis, of which 
there were many examples in the collection of hearts examined. Mural 
thrombi when recently formed are easily recognised by the fibrin or 
blood they contain (fig. G) or by the signs of organisation, but when 
the organisation is complete these distinctive features are lost and 
there remains only a fibrous tliickening which looks like an overgrowth 
of the intima. 

When a thrombus forms on the wall of an artery the subjacent 
endothelium disappears and a new lining of endothelial cells grows 
over the exposed surface of the mass (fig. 7). The thrombus thus 
becomes subendothelial in position and organisation of its superficial 
layers follows, with formation of a sheet of fibrous tissue over its 
surface (figs. 8 and 9). At the same time organisation of its attached 
base also takes place and, as with the larger thrombi, it becomes 
encased in fibrous tissue and appears as if it were incorporated in a 
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thickened intima. For some time hyaline patches of unorganised 
fibrin may still be seen in it (figs. 7, 9, 10 and 11), and these, it would 
appear, account for the so-called “ fibrinoid ” substance which is 
frequently referred to in studies of atherosclerosis and to which I 
shall again refer later. In due course these fibrinoid masses disappear 
and only fibrous nodules are left. 

The above sequence of changes occurs in fibrin thrombi. In 
“ red ” ones the process may be modified by softening and fatty 
degeneration, which again result in atheromatous foci. In frozen 
sections the contents of these foci tend to be washed away, leaving 
empty cavities such as are seen for example in fig. 12, where a red 
thrombus at (A) is represented simply by a band of fibrous tissue 
covering an empty space. The band represents the subendothelial 
layer of newly organised fibrous tissue while the space represents the 
atheromatous focus. A similar formation is seen in fig. 2 at (x). In 
both these sections some remnants of the softened tissue consisting 
of fatty globules and granular debris are seen clinging to the Avails of 
the cavities. 

Another significant feature shown in figs. 11 and 12 is the 
appearance of multiple layers of fibrous thickening, superimposed 
one on the other. In fig. 1 1 there are three distinct layers, the inner 
still containing hyaline patches of fibrin covered by the usual layer of 
organised fibrous tissue, Avhile the others are almost entirely fibrous. 
In fig. 12 the same formation is seen, but Avith softening, so that 
there are three cavities representing three foci of atheroma one above 
the other, Avith layers of fibrous tissue betAveen. These complex 
formations are commonly found in severe coronary disease and, 
whereas it would seem difficult to explain them on the principle of 
intimal OA'ergroAvth, they are not difficult to understand as the 
sequelae of successively recurring mural thrombosis Avith organisation. 


The relationship of surface deposits to atherosclerosis 

Atherosclerosis is an insidious disease and the milder lesions, 
which we generally classify as early and winch are found in the arteries 
of nearly 7 all who live to middle age, can hardly be accounted for by 
gross thrombosis of the kind described aboA 7 e. We are accustome 
to think of them as the result of connective tissue proliferation of a 
reactive type and there is evidence in some cases to support this view, 
but it Avould probably be xvrong to assume that they always depen 
on the same process. In Anew of the findings described above, t e 
possibility that some of them may represent organised deposits s iou 

be considered. . r 

In post-mortem examinations it is not uncommon to find Ayisps o 
blood or fibrin clinging to the walls of the arteries, and since t ley ar 
easily Avashed off they may be taken for post-mortem effects, but more 
careful examination will sometimes show this to be Avrong. a 
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made a special search for such formations in the coronarj arteries of 
unselectcd cases and found them in not a few Fig 13 shows ono from 
a case of hypertension in w Inch there w as comparatively little coronary 
disease In the gross it looked hke a small pool of blood left behind 
when the artery was drained but, as the seotion shows, it was 
associated with an atheromatous softening (x), so that it was presum 
ably a genuine pathological effect If sucli deposits occur at any 
considerable tune before death they must become organised and 
form thickenings, unless by some process unknown to us they ore 
dissolved In fig 14 another form of deposit which may result in 
arterial thickening is seen The section is a paraffin one, stained with 
methyl violet, from the same lesion as that shown m figs 9 and JO 
It will be noticed that the fibnn, which stands out darkly in contrast 
to the fibrous tissue, is not confined to the main mass of the thrombus 
but extends over the surface of the intinm as a series of thin films 
A lugher magnification of sections of part of the same % eosel surface 
stamed with lisemalum and eosin is seen in fig 15 and here a tbm 
layer of fibrin with a rather indistinct covering of endothelial cells 
can be recognised Such formations are usually found to be sub 
endothelial in position and this has led to the general belief that they 
represent changes in the intimal tissues rather than deposits on the 
surface In view of the readiness with which a new layer of endothelium 
grows ovor an arterial thrombus, howeier, it seems doubtful if such a 
conclusion is justified Hyaline streaks or patches in the mtinia are 
common, both in the subendothehal layer (fig 1G) and m the deeper 
layers (figs 9-11), and they have attracted considerable attention in 
the last tw-enty years Since they usually stain with methyl violet 
they are often referred to in the literature as “ fibrinoid ” and there 
has been considerable discussion as to their origin Some regard them 
as deposits in the connective tissues and others as swellings of the 
tissues themselves, but, so far as I have found, only' ono group of 
w-nters in recent years, namely Clark, Graef and Chasis (1936), have 
suggested that they represent surface deposits which have subsequently 
been overgrown My own observations lead me to behove that the 
latter is the case, and that these “ fibrinoid ” deposits in fact provide 
the essential link in the chain of evidence which connects atherosclerosis 
with thrombosis 


Discussion 

That arterial thickening may be the result of thrombosis is no new 
idea Von Rokitansky (1852) held that atheroma was produced by the 
deposition of “ an endogenous product derived from the blood and 
for the most part from the fibnn of the arterial blood ” He noted 
the “ metamorphosis of the deposit into a pulpy mass consisting 
of a largo number of crystals of cholestenn, fatty globules, and of 
molecules consisting of albumin and calcareous salts ” and this, 
no doubt, was the current view until Virchow introduced his idea of 
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connective tissue proliferation in arterial disease. Virchow (185G) 
dismissed Rokitansky’s “ encrustation hypothesis ” on the ground 
that the deposits were subendothelial in position, and his teaching 
prevailed. But the encrustation hypothesis was not readily abandoned, 
for even 40 years later Ziegler (1896-97) in his textbook referred to 
fibrin thrombi in the arteries becoming organised and forming 
thickenings analogous to those occurring on the endocardium. In 
the present century the hypothesis seems generally to have been 
ignored, for, except in historical notes, we seldom find reference to 
it in current literature. 

Conclusions 

In a study of coronary thrombosis evidence has been found that 
many of the lesions we classify as atherosclerosis are arterial thrombi 
which, by the ordinary process of organisation, have been transformed 
into fibrous thickenings. Red thrombi are prone to softening, with 
fatty degeneration, and many of the “ atheromatous ” patches found 
in arterial thickenings appear to be the result of this process. 
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AN EXPERIMENTAL STUDY OP SOME 
EPPECTS OP ACUTE ANHYD1UEMIA * 

G. R. Cameron, F. Burgess and V. Trenwith 

It is generally agreed that the initial stages of a thermal burn are 
dominated by excessive fluid loss at the site of burning and the acute 
anhydnemia which accompanies it. Uncertainty still exists about 
the later features, especially the disturbance of nitrogen metabolism 
and the onajmia which so often develop. To simplify the problem, 
we have studied some of the effects of rapidly progressive anhydraemia 
produced in such a way as to eliminate local tissue damage and the 
tendency to infection, complications whioh obscure the late bum 
picture. Davis (1940 a and 6, 1941) has also employed the same 
method for pathological studies of bum dehydration and Stoner and 
Green (1946) for the investigation of the adenosine equivalent of the 
blood in dehydration shock. Marriott (1923) lias reviewed the early 
literature on anhydraemia. 

Methods 

B.o.'bYjifcs wn-A a f«vj nv.v-pivgwMV. goata vies® injected eubeutoneoufty 

with large amounts of sterilo hypertonic glucose (60 per cent.) and sodiiUn 
chloride (20-26 per cent.) solutions. The two hind limbs wore chosen as sites °f 
injection and precautions against infection were maintained. It was sometimes 
necessary to employ anaesthesia, especially with saline injections, and a light dcse 
of Nembutal was used so that recover}’ might be rapid. Blood investigations 
were carried out thereafter at regular intervals, using methods described in a 
previous paper (Cameron et at., 1945). Animals were killed for pathological 
examination 6, 24 and 48 home after injection. For the study of urinary N 
excretion rabbits were kept in metabolism cages except when being fed. They 
were catheterised at the commencement of the experimental period but n°t 
subsequently. Unlimited green food and oats were available for each animal 
but no water was given. Blood pressures were measured with the Grant a pd 
Rothschild (1934) apparatus in a quiet warm room. 


Results 

1. Goats tolerate large doses of 60 per cent, glucose and as much 
as 20 c.o. per kg. can be injected without fatal results. Most rabbits 
recover from similar doses, though invariably a few die during the 
first 24 hours after injection. Table I summarises the rabbit expefi- 

* A xeport to the Burns Subcommittee of the Medical Research Council’s W 
nounds Committee. 
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meats, table II the goat experiments. These indicate much the same 
sort of results in both species. Within a few hours of injecting 
hypertonic glucose the haemoglobin percentage (Haldane scale), red 
cell count and packed cell volume (hematocrit) begin to rise and 
steadily increase to a peak somewhere between 12 and 20 hours in 
the goat, probably earlier in the rabbit. The plasma volume falls 
throughout this period as oedema at the site of injection develops. 
Serum protein concentration after a slight initial rise usually remains 
steady, whilst blood non-protein-nitrogen, especially urea, increases. 
Goats show an increased circulating blood cell mass as judged by 
calculations from the circulating plasma volume and the hematocrit 
percentage. Generally speaking, these disturbances have subsided 
by 48 hours after injection. They' are most simply interpreted as 
signs of massive fluid loss from the circulation due to an osmotic 
action of the hypertonic solution injected subcutaneously. Very little 
protein is lost from the blood, since the serum protein concentration 
is unchanged, hence there can have been no great alteration in 
capillary permeability for proteins and no capillary damage. The 
condition is one of uncomplicated acute anhydrmmia which passes 
off within 48 hows of onset, presumably through compensatory 
•withdrawal of fluid from various tissues. 

2. Accompanying these blood changes are well defined clinical 
features. The respiratory rate increases, the pulse rate becomes very 
rapid and the rabbit is huddled up with a drooping head. It apparently 
feels cold and after some hours of progressive anhydnemia becomes 
weak and loses the power of movement in the hind limbs. Intermittent 
muscular spasms may develop, associated with teeth-grinding, great 
thirst and anorexia. The animal is difficult to bleed because of 
collapsed veins. At this stage, convulsions may set in, leading to 
death in a short time, but more often the condition slowly improves, 
though there may be relapses. Goats behave in much the same way. 
The blood presswe falls steadily in rabbits from a normal figure of 
85-90 mm. Hg to 40-60 at 6 hours and 35-45 at 24 hows, the fall 
being most pronounced in animals showing severe oedema and alarming 
clinical features. There seems little doubt that progressive circulatory 
collapse parallels the loss of fluid from the blood and may be responsib e 
for a fatal termination. 

3. Pathological changes throughout this period are not striking- 
They chiefly affect the circulatory system. (Edema sets in quite 
soon at the site of injection of hypertonic glucose and rapidly increases 
throughout the cutis, subcutaneous tissues and near-by muscle, 
may spread well beyond the limbs to the lumbar region but it is 
generalised throughout the body. It is gelatinous, often loculatcd an 
firm. Staining with a little blood is not uncommon. The anec 
muscle becomes pale but necrosis does not follow. Occasionally a ew 
small hemorrhages are found in the muscle and at the margins 
the oedematous area, where the veins too may be congested, (h cffl 
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reaches its greatest development about 24 hours after injection and 
appears to remain stationary in the next few days. Only rarely does 
it becomo infected. 

Six hours after the onset there is widespread congestion of vessels 
throughout the body, with dehydration. The heart may show 
epicardial and endocardial petechia: ; a cyanotic hue and some degree 
of dilatation are seen in the rare cases which are fatal at this stage. 
There is no pericardial fluid and the heart muscle feels dry. The 
lungs are often uniformly congested, show subpleural petecliife and 
sometimes large hemorrhages, and feel dry. Pleural fluid is barely 
recognisable. The liver is not enlarged, though it seems congested 
and may be plum-coloured. Gall bladder and bile ducts present no 
consistent changes. The pancreas is dry and diffusely congested. 
The spleen is often smaller than normal, cyanotic, firm and poor in 
blood. Subcapsular hemorrhages are rare. The kidneys are usually 
cyanotic and congested, oozing dark-coloured blood when cut, but 
the surface may be dry and sticky. Ureters are congested. The 
bladder contains a small amount of urine. It is common for the 
animal to pass a large amount of urine soon after being injected with 
hypertonic glucose. The peritoneum is frequently congested and may 
show petechiie. Peritoneal fluid is scanty or absent. Congestion and 
petechiao are scattered throughout the mucous coat and serosa of the 
stomach and small intestine. Faces are normal. No constant change 
has been noted in the ductless glands, lymph nodes, bone marrow or 
central nervous system. 

At 24 hours, all these features are more pronounced and congestion 
and tiny hamorrhage formation may be severe in the cardiovascular 
system, lungs, liver and kidneys. The rabbit’s Btomach not in- 
frequently shows numerous tiny haemorrhagic orosions and even 
small mucosal ulcers. The tissues everywhere feel dry and the 
subcutaneous tissue may have a shrunken appearance. By 4S hours, 
most of these features have passed off and the hemorrhages are fading. 

Microscopical examination adds very little to the naked-eye 
findings. There is no evidence of serious damage at the site of 
introduction of the fluid. Muscle fibres retain their normal detail. 
(Edema fluid infiltrates the fibre spaces. No pronounced leucocytic 
infiltration is apparent. Wo have found no lesions in the main organs 
other than capillary and venous congestion, inconstant petechia; and 
on a few occasions small areas of pulmonary oedema. Careful 
examination of the liver, kidneys, adrenals and heart failed, to 
convince us of the presence of parenchymatous damage. 

The main changes following upon acute anliydrsemia are thus 
widespread capillary and venous congestion, inconstant petechia: in 
a number of organs and serous membranes, contraction of the spleen 
and dehydration of tissues. The circulatory changes are similar to 
those found in other conditions with a diminished blood volume, 
ha:raorrhage, and are probably referable to constriction of peri- 
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pheral arterioles which leads to blood stasis in the smaller peripheral 
vessels (Marriott). 

' 4. Tables I and II give information about the blood non-protein 
nitrogen in anhydrsemie rabbits and goats and some data on urinary 
urea excretion during the 11-14 days after the onset of the condition. 

Table I 


Effects of injecting rabbits subcutaneously with 20 c.c. per kg. 
of 60 per cent, ghtcosc solution 


Time Interval 

Hb (per 
cent.) 

B.B.C. 
(millions 
per c.mm.) 

Serum protein 
(g. per cent.) 

Blood N.P.H. 

1 (mg. per cent.) 

Total urine 
in 24 hours 
(c.c.) 

Total urinary 
urea excreted 
In 24 hours (g.) 

Expt. 1. Means of 8 rabbits 

24 hrs. before 
injection 

77 

5-8 

n 

4G 



Glucose injected subcutaneously 

After 5 lira. 

„ 24 „ 

„ 2 days 

»> 3 ,i 

»» 4 ,, 

,< 5 „ 

» 6 .» 

it 7 n 

108 

98 

78 

08 

GO 

58 

03 

72 

7-8 

7-2 

6-2 

5-5 

5-0 

4- 8 

5- 2 

4-9 


57 

93 

79 

G8 

47 

40 



Expt. 2. Means of 5 rabbits 

24 hrs. before 
injection 

89 



44 

56 

1-76 

Glucose injected subcutaneously 

After 5 hrs, 

„ 24 „ 

„ 2 days 

,i 3 „ 

a 4 , , 

p i o „ 

„ 7 a 

8 j» 

„ 11 >» 

121 

109 

78 

75 

74 

75 

78 

81 

8G 

• • • 

... 

... 

... 

::: 

78 

175 

141 

84 

61 

42 

60 

42 

90 

65 

63 

55 

37 

48 

96 

1- 33 

1-61 

2- 13 

2-27 

1- 85 

2- 71 

2-48 


An increase in N.P.N. commenced in rabbits within 5 hours an wa 
maintained for about 3 days. The peak occurred about t e 
hour and was associated with a slight fall in total urinary excre i ^ 
of urea despite the urinary output being somewhat increase • 
could not be accounted for by concentration of the blood cons x uC ^ 
A small amount of albumin appeared in the urine at this irae 





















Table XI — Effects of injecting goats subcutaneously with 20 c c. per kg 
of 60 per cent glucose solution 
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soon disappeared. There may have been a temporary disturbance 
of renal function, though it seemed far from impressive. No histo- 
logical changes were found in the kidneys. During this upset, the 
animals were ill and took very little food. Possibly because of this, 
endogenous metabolism was increased. The goats, too, showed a 
rise in their N.P.N. values but this was much less pronounced and 
shorter in duration than with rabbits. On the other hand, the goats 
were not so ill as the rabbits. Urinary excretion could not be followed 
in the goats because of technical difficulties. We conclude from 
these experiments that acute anhydrsemia is associated with a 
temporary disturbance of nitrogen metabolism which is not attributable 
to any gross upset in renal function. 

5. Tables I and II also sho%v that ansemia develops in anhydrsemic 
animals, both the haemoglobin and red cell values falling, the former 
much more than the latter. In all three goats the packed cell volumes 
decreased simultaneously ; since the plasma volume during this time 
kept more or less steady around normal values it would seem that a 
decrease in circulating blood cell mass had occurred, but whether 
this was the result of destruction of cells or their being side-tracked 
into stagnant pools of the circulation we cannot say. There was no 
evidence that the anmmia was due to blood dilution from increased 
intake of water, though it is known that increasing the water supply 
after a period of dehydration causes an immediate dilution of the 
blood and an abrupt fall in hemoglobin concentration (Underhill and 
Kapsinow, 1922). We conclude that anhydrsemia alone can bring 
about temporary ansemia some days after recovery from the acute 
phase. 

6. Closely similar results follow the use of hypertonic sodium 
chloride solutions. 


Discussion 

In an attempt to simplify the problems afforded by a thermal 
burn we have studied the effects produced by acute anhydrsemia 
after the subcutaneous introduction of hypertonic solutions of glucose 
and sodium chloride. This form of anhydnemia has the advantage 
of not being complicated by the presence of necrotic tissue, as wit 
a bum, nor is it associated with the action of a toxic agent or gross y 
abnormal physical conditions, as in most previous experiments (c/. 
Marriott). It differs from the anhydrsemia of bums in consisting o a 
loss mainly of the watery portion of the blood, the protein remaining 
unaffected. Nevertheless they have in common a stage of 
concentration from decrease in circulating plasma volume an ® 
pathological picture presents many points of resemblance (compar 
for instance the descriptions given by Pack, 1926; Colebroo' a •> 
1944 ; and Cameron et al., 1945, for thermal burns), inc u ng 
tendency towards disturbance of nitrogen metabolism and ea * 
transient anaemia. A degree of hsemoconcentration and an y r33 
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similar to that with severe burning can bo evoked simply by varying 
the dose of hypertonic fluid, and when this is done the resemblance 
between many of the features typical of bums and those of simple 
atiliydr.'cmia is indeed olose. It is difficult to escape from the 
conclusion that such features of burns are the result of anhydrmmia 
alone and that there is no need to postulate any other factor than 
loss of fluid from the blood. This view, supported by Underhill and 
his collaborators and others (Underhill, Carrington, ICapsinow and Paok, 
1923; Underhill, 1927, 1930; Underhill, Kapsinow and Fisk, 1930; 
Blalock, 1931 ; Harkins, 193S, 1938 ; Colebrook et al., 1944), does 
not deny the importance of complications such os infection, blood 
destruction by thermal or other action and tissue neorosis in con- 
tributing to the grave systemic disturbances which follow burning. 
It is our desire to emphasise the importance of a measurable and 
concrete process such as acute fluid loss from the circulation in 
explaining, at any rate in part, the pathology of severe burning. 
Until more convincing evidence of the action of bum toxins is 
produced, we feel that the anhydrasmia theory is justified as a working 
hypothesis. 

It is not sufficient, however, in an analysis of bum pathology to 
rest content with such an attitude. The main problem must be 
carried a stage further and the question propounded, why does 
anhydraemia produce such severe effects ? Davis (1941), who has 
obtained much the same results in his careful study of dehydration in 
dogs injected with hypertonic saline, emphasises the importance of 
anoxaemia in such cases. The pathological picture is certainly 
reminiscent of that described by Yant et al. (1934), who exposed dogs 
to atmospheres containing very low oxygen concentrations, and 
Campbell (1927), who studied chronic anoxmmia. 

Diminished blood volume leads to compensatory constriction of the 
peripheral arterioles and a greatly decreased volume flow of blood through 
certain parts of the body (Marriott), especially the extremities. It is 
not known how far this affects blood flow through the internal organs. 
Cardiac function is said to be upset in anhydnemic infants (McCulloch, 
1920). Blood pressure is often well maintained, though it falls when 
plasma loss becomes excessive. These observations are highly 
suggestive of cardio-vascular functional disturbance and at least 
imply that oxygen supply to the tissues may be impaired. But we 
cannot assume such a state of affairs until break-down of compensatory 
mochanisms has been proved. For a decision, there must be resort 
to further experimentation and an investigation of tissue respiration 
is urgently required. 

Summary 

1. Subcutaneous injection of large amounts of hypertonic glucose 
or sodium chloride solutions produces severe local oedema, acute 
anhydrEemia, hsemoconcentration and circulatory collapse. 
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2. A temporary disturbance of N metabolism, indicated by a rise 
of blood non-protein nitrogen in the absence of pronounced renal 
failure, and a delayed transient anaemia may follow on such conditions. 

3. Pathological changes resemble those associated with severe 
thermal burning. 

4. It is reasserted that many of the disturbances accompanying 
burning are the result of acute anhydnemia alone. 

We are indebted to Messrs Alien, Coles and Rutland for much assistance, 
and our thanks are due to the Director-General, Scientific Research and 
Development, Ministry of Supply, for permission to carry out and publish this 
investigation. 
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THE ABO BLOOD GROUPS IN THE UNITED 
KINGDOM; FREQUENCIES BASED ON A VERY 
LARGE SAMPLE 

Aileen M. Dobson and Elizabeth W. Ikin * 

From The Gallon Laboratory Serum Unit at the 
Department of Pathology, Cambridge 
i 

During the European war this Unit has had the opportunity of 
diagnosing the ABO blood groups of large numbers of people, mainly 
representing a mixed population of the United Kingdom, but the 
blood of smaller numbers of persons from Continental Europe was also 
examined. This very big undertaking was organised by the late 
Dr G. L Taj’lor in co-operation with medical officers of the Royal 
Air Force. 

Technique 

In all the tests the technique described m a paper in this Journal (Taylor 
et al , 1942a) has been used Tins method employs both the testing of the 
red blood cells for iso agglutinogens and the determination of the iso agglutinin 
content of the serum, all tests being performed in precipitin tubes and at room 
temperature 

No diagnosis has been included in these compilations in which a sample 
of serum as well as of red cells was not examined. In all but nine cases where 
the diagnosis from the red-cell reaction was that of group B, the serum of the 
person concerned was also tested with group A* cells ; the positive reaction 
which resulted thus confirmed the fact that the blood examined could not 
have been of group A 2 B instead of group B. Insufficiency of serum prevented 
this test with A* cells in the nine cases mentioned, but to avoid a selective 
effect on the total figures these results were included on the basis of their red-cell 
reactions 

The x 2 value for each batch of results lias been calculated by a simple 
method suggested by Professor Fisher, m which the observed values m the 
0, A and B groups are used to calculate the expected value of the AB group, 
which, in turn, is used to evaluate 

As an example of the method used, the calculations for the Belgian sample 
are shown below. To each number has been assigned an arbitrary letter of tho 
alphabet and by this means the steps m the calculation of x 2 are explained. 
We are not competent to give any theoretical explanation, merely a recipe for 
fellow non mathematicians 

The gene frequencies are readily obtained from the quantities e, t, u and v 
by the use of the simple formulas — 



* "Working on behalf of the Medical Research Counoil. 
JOUEV or PATH — VOL 1VITI 221 



222 


A. M. DOBSON AND E. W. IKIN 




Belgian sample 

Number in group 

Square root of number 

0 

142 

11-916375 s = VO 

O+A 

302 

17-378147 t = VO+A 

O+B 

175 

13-228757 w = VO+B 

18-690529 v = t-j-w— s 


349-33587 

w - v- 

O+A+B 

335 



14-33587 

x = w~ (0-*-A-fB) = expected number of AB 

AB 

17 

V 


-2-66413 

z — deviation = AB (expected— observed) 

— y — x 


Variance = — 
tu 

2 (deviation) 2 tuz- 


variance wx 


0-3258 for 1 DJF. 


Results (table I) 

European samples. The numbers in many cases are not large, 
but are put on record as having been obtained by the examination 
of both cells and serum. They are probably the most recent figures 
available for those peoples. The men tested were airmen ; the figures 
for their national groups must be taken, therefore, as averages for 
their countries since we have no information about their districts of 
origin. Some comparisons with data obtained by other workers and 
quoted by Boyd (1939) may be of interest. 

The Belgian figures given in our paper differ rather markedly 
from those obtained by Moureau in Liege, whose results in percentages 
were 46-7 0, 41-9 A, 8-3 B and 3-1 AB. 

No Czechoslovakian figures exist with which our findings can be 
compared, as the group of men we examined would contain Czechs 
and Slovaks in unknown proportions. 

Our Dutch results are in very close agreement with those obtained 
by van Herwerden and Boele-Nijland when examining students 
(45-7 O, 41-2 A, 9-6 B and 3-5 AB). Both a student population and 
the airmen whose blood we tested would tend to be heterogeneous as 
to place of origin. 

Probably the figures obtained on French soldiers dining the War 
of 1914-18 by the Hirschfelds would be the most suitable for com- 
parison with our data. The chief difference here is' that they found 
a greater frequency of group B (43-2 0, 42-6 A, 11-2 B and 3-0 AB). 

Boyd gives the results of many investigators in various parts oi 
Poland, and by inspection of his list it can be seen that our figures 
lie within the wide range of group frequencies there given. 

We tested only 198 Turks ; the results from this relatively snia 
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number are not in agreement with those of other workers as quoted 
by Boyd ; nowhere was such a high frequency of group AB found - 
as in the bloods examined by us. Previous workers, if testing only 
the red cells, may well have classed some weak A 2 B persons as 
group B, especially if the testing sera were not very strong; this 
might well be the explanation of the discrepancy in results, as the 
more reliable data all show a liigher frequency of group B than was 
found by us. 

British samples . The figures for the United Kingdom (i.e. R.A.F. 
plus Cambridge civilians) given in the present paper should be 
considered as replacing those published in our earlier paper (Taylor 
et al., 1942a,), as a portion of those results are incorporated in the 
larger numbers here. 

Cambridge civilians. The figures for Cambridge civilian blood 
donors do not represent a typical East Anglian population, since a 
large proportion of these people were universit} 7 undergraduates and 
came from all parts of the United Kingdom. In passing from Southern 
England towards the North-West and towards Scotland the frequency 
of group 0 increases and that of group A simultaneously decreases 
(Fisher and Taylor, 1940 ; Fraser Roberts, 1942). If the Cambridge 
civilian data are divided according to sex it is interesting to find that 
the males show a slightly higher incidence of 0 and a lower incidence 
of A than the females. This might be foreseen, since a far greater 
proportion of the women tested were local residents, the number of 
Girton and Newnham students available being much smaller than 
the number of students from the men’s colleges. 

j R.A.F. sample. The figures from this large sample also indicate 
an average distribution corresponding to the Midlands, and differ 
markedly from those reported from University College London for a 
predominantly Metropolitan population (Ikin el al., 1939), which are 
included in table I for comparison. 


Anomalies in results 

Apart from anomalies due to errors in recording and those caused 
by technical mistakes in distributing reagents to the tubes, hot o 
which were rectified by repeating the original tests on the samp 
concerned, several classes of unexpected results may occasions j 
occur and necessitate further tests to elucidate their cause. 

(a) False posiiive reactions. These sometimes occurred wit 
cells under examination and sometimes with the serum under es 
with the known A, and B cells. The former were almost always ^ 
to the cell suspensions being in poor condition and a re-test W1 ^ 
fresh suspension of cells obtained from the clot of the w ho e > ° 
specimen usually gave a definite result. In cases where t ie re ^ 
was still unsatisfactory a fresh sample of blood was requeste an ^ 
result was scored unless this was obtained. In a few case 
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persisting reactions were duo to coid agglutinins, to which reference 
is made in paragraph (6). In one case — an undoubted group A 
according to its serum reactions — the red cells reacted normally with 
the anti-A serum but also gave small but definite reactions with 
several anti-B sera and with the sera of two out of three AB bloods. 
Repetition of the test at 37° C. produced a small reaction with one 
anti-B serum but complete lysis in all the other tubes. These 
anomalous results persisted when two further samples of this man’s 
blood were examined and we regret that circumstances did not permit 
a fullor investigation of the agglutinogen responsible. When the 
serum gave unexpected positive reactions with the Aj or B cells, 
further tests were done, their nature depending on the blood group 
of the sample concerned, as given by the red-cell reactions. These 
are detailed in sections (6) and (d). 

( b ) Cold agglutinins. Occasionally, anomalous positive reactions 
which persisted on re-testing at room temperature were found with 
either the cells or serum under examination and in two instances 
with both cells and serum of the same group B persons. The grouping 
test was then repeated at 37° C. ; in all cases the anomalous reactions 
disappeared, leaving only the appropriate iso-agglutination reactions, 
and cold agglutinins were assumed to bo responsible. In the whole 
British series examined we found sixty-one such cases. 

(c) Missing agglutinins. Agglutinins are often absent in infancy, 
but the absence of an expected agglutinin in an adult is very rare ; 
we found only sixteen examples in the 109,221 British cases reported 
in this paper. Fifteen of these concerned tho absence of a reaction 
expected with B cells, three in group 0 and twelve in group A bloods, 
due to a deficiency or perhaps a complete absence of anti-B agglutinin. 
There were many more in which the reaction, though present, amounted 
merely to a “ w ” (weak) on our scale of notation. 

Only one case — that of a group 0 person — occurred in which 
there was a complete absence of anti-A, although the anti-B agglutinin 
was present in normal amount ( + + reaction with group B cells). 
In all such cases the cells and serum of the person concerned were 
re-tested and, if the expected agglutinin was not found, the group 
diagnosis was made on the reaction given by the red cells. 

In one instance the serum of a group 0 person was apparently 
very deficient in anti-A, but titration with A 1 cells showed that the 
weak reaction in the routine grouping test was duo to a “ zone ” in 
the titration at low dilutions of serum, and the serum had, in fact, 
a titro of 250 with A 1 cells. 

(d) «! occurring in sera of groups A and AB. When the serum 
of a group A or AB person gave an unexpected positive reaction on 
testing -with Aj cells, the test was repeated, using in addition known 
A, and 0 cells and putting up a duplicate set in the 37° C. incubator. 
Almost always tho agglutinin responsible for the original reaction with 
the Aj colls was aj ; on re-testing no reaction would be found with 

joras, or hih.- voi. vtni Q 2 
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either the A 2 or 0 cells, even if it did still occur with the A x cells, and 
no reaction with the A x cells could be demonstrated at 37° C. 

In a paper in this Journal (Taylor et al., 19425), estimates were 
made of the frequency of occurrence of the irregular iso-agglutinin cq 
•in the sera of persons of the sub-groups A, and A 2 B. ° It is now 
possible to extend this investigation to the much larger series reported 
in the present paper. For this purpose only the 199,221 persons 
included in the R.A.F. and Cambridge civilian data have been 

A 

considered, since the ratio — — is not necessarity the same for the 

Ajl +A 2 

other national groups. Using the value of 21-9524 per cent, found 

A 

by us (Ikin et al.) for the ratio - — — in England, we can estimate 

-fA 2 

the numbers in the sub-groups A 2 and A 2 B among the 83,235 
group A and 6055 group AB persons tested. The results can be seen 
in table II. 

Table II 

Occurrence, oj a L in sera of groups A and AB 





Number containing a, on first test 


Group 

dumber In 
group 

Estimated number 
in A, sub-group 

On second test 

Not 

Total 

Percentage 

of sub-group 

showing a. 




Present 

Absent 

re-tested 


A 

83,235 

18,272 

169 

226 

12 

407 

2-2 

AB 

6055 

1329 

257 

63 

29 

349 

26-3 


The reactions given by the oq in the sera of the sub-groups A 2 
and AoB tend to be weak and, as will be seen from the table, positive 
reactions were not found on re-test in all cases. Failure to repeat the 
positive findings might have been due to a weakening or disappearance 
of the oq, as the second tests were usually done a day after the 
first and antibody in small amounts is very labile. On the other 
hand, those reactions which were not repeatable might not have 
been true reactions. The cases where no re-tests were done occurred 
in the early part of the R.A.F. work ; at that time we assumed that 
a small reaction with A 1 cells by the serum of a group A or AB was 
due to oq, as it almost certainly must have been. The figures, there- 
fore, for the percentages of the sub-groups containing oq in demonstrable 
concentrations (being calculated on the first test totals) are probably 
rather too high, but they would appear to indicate at least the order 
of frequency of occurrence of oq in the sera of A 2 and A 2 B persons. 

Among the 257 group AB persons whose sera contained cc lT 
confirmed by the second test, -were two in which the antibody was 
present in such concentration that the serum could be used as an 
cq serum for the sub-grouping of A and AB bloods. 
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(e) Haemolysis of A cells in the agglutinin test. It is perhaps worth 
noting that, occasionally, haemolysis of the A, cells occurred when 
the serum of a group 0 person was being tested. When this happened 
the scrum concerned was heated at 56° C. for ten minutes and the 
test repeated ; no liamolysis ever occurred in the second test when 
tins heated serum was used. 


Sumjiaby 

The ABO blood groups of a very large number of unrelated people 
have been determined by tests on both red cells and serum. Data 
are given for a large number of persons from the United Kingdom, 
and also for smaller numbers of men of Belgian, Czech, Dutch, Drench, 
Polish and Turkish nationalities. The following distribution of 
groups was found in 190,177 members of the Boyal Air Force : 
0 40-684 per cent., A 41-716 per cent., B 8-560 per cent., and AB 
3-040 per cent. These figures may be considered to be representative 
of Great Britain as a whole. 
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576 . 8 . 097 • 2 9 ( K toxin) : 576 . 851 . 57 {Cl. welehii) 

THE COLLAGENASE (* TOXIN) OF 
CL. WELCHII TYPE A 

C. L. Oakley, G. Habriet Wahrack and W. E. van Heyningen 
The Wellcome Physiological Research Laboratories , Beckenham , Kent 

In clinical gas gangrene due to infection with Cl. welehii one of the 
most striking features is the conversion of large amounts of muscle 
to a soft friable pulp. In 1923 Henry claimed that pieces of live 
rabbit muscle incubated with Cl. welehii filtrates swelled up, became 
opaque and underwent changes similar to those occurring in gas 
gangreno ; in the process it absorbed much of the lethal factor in the 
filtrates without producing much effect on the hremolytic factor. No 
quantitative experiments were made, and the qualitative results were 
used only to support the view that the hremolytie and lethal factors 
in Cl. welehii filtrates are distinct. 

Though these remarkable observations have been much quoted, 
no one seems to have repeated them until Macfarlane and MacLonnan 
(1945) showed that live human or rabbit muscle incubated with 
Cl. welehii type A filtrates fell to pieces, the pieces being unaltered 
muscle fibres deprived of their reticulin scaffolding (Robb-Smith, 
1945). They regard the active substance as a collagenase * and point 
out its possible importance in the spread of gas gangrene. 

Though the muscle-disintegrating activity of the Cl. welehii 
filtrates used by Macfarlane and MacLennan is neutralised by Cl. 
welehii type A antisera, no evidence is yet available to determine 
whether this activity is due to any of the toxins of Cl. welehii so far 
described or whether more than one substance is responsible for it. 
We have tried to tackle these problems from the immunological 
standpoint. 

Experiments with muscle 

We have found that pieces of fresh guinea-pig mmole incubated 
overnight with Cl. welehii type A filtrates squash far more readily 
under finger pressure than similar pieces incubated with broth and 
that this muscle-softening activity is neutralised by Cl. welehii type A 
antisera. Muscle can therefore be used as an indicator to show 
whether this effect is duo to one substanco only and whether it is or 

• Maschmnnn (1938) claimed that Cl. welehii filtrates contain a collagonase but 
later (1938-39) he seemed less certain. 
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is not due to one or other of the recognised toxic substances in 
Cl. welchii type A filtrates. For these purposes we took one of our 
sera (R 8531) as standard, ascribed to it an arbitrary value of 180 
“ units ” and tested a number of other sera against it for their 
capacity to inhibit softening of guinea-pig muscle by several different 
Cl. welchii type A filtrates produced in very different media'. 


Method. In a series of Lambeth tubes run out the test dose of the filtrate 
under test (usually at 2 units), amounts of serum differing by 10 per cent., and 
sufficient saline to make up to constant volume. After the mixtures have 
stood for half an hour add to each a piece of muscle (ca. 6 nun. square) from 
the abdominal wall of a freshly killed guinea-pig, cork the tubes and incubate 
at 37° C. in a water-bath overnight. In the morning remove the pieces of 
muscle to the squares of a chequered tray and prod each with the finger to 
determine whether softening lias occurred. The end-point is taken as the tube 
which contains the maximum amount of antiserum allowing softening to occur. 


Table I shows the kind of result obtained. It is clear that, for 
these six filtrates at least, the values obtained for each serum agree 

Table I 

Comparison of anli-muscle-softening values of sera determined 
against six different Cl. welchii fdlrates 


Serum 


Serum values against Cl. tcelchii filtrate 


AO 835 

AG 880 

AG 893 

AG 938 

AG 952 

AG 956 

It 8531 

ISO 

180 

180 

180 

180 

180 

It 5434 

50 

50 

50 

50 

50 

70 

A 16836 


100 

130 

HEM 

95 

130 

GGC 3296 

KM 

450 

550 

■B 

600 

600 

LX 251 


650 

900 


700 


H 3044 

500 

500 

500 

500 

600 

A 24422 

180 

160 

140 

150 

130 


R 7843 

330 

300 

320 

300 

340 

i « 

R 5603 

900 

870 

650 

700 

900 

80 

R 7577 

70 

65 

90 

70 

80 

H 9564 


210 

280 

210 

210 


Ex 770 

„ . . 

400 


330 

350 


H 2917 


700 

800 

700 

800 


Test dose (a) 

0-32 ml = 

0-37 ml = 

0'4ml.= 

0-26 ml = 

0-26 ml.= 

0-26 ml.= 
la unit 

la unit 

la unit 

la unit 

la unit 

la unit 

Test dose 

0'9 ml.S 

0-83 ml.= 

0-9 ml.= 

I ml.= 

0-6 mlS 

0-95 mlS 

2 units 

(muscle- 

softening 

factor) 

2 units 

2 units 

2 units 

2 units 

2 units 


very well and it is therefore unlikely that more than one muscle 
softening substance is present in these filtrates.* 


* When fresh guinea-pig muscle is incubated overnight with some 01. {g 
type A filtrates— especially those prepared by growing the organism mpepr ^ 
of horse muscle — a slimy change is produced independent of soitemng 
distinguishable from it. 
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If the results obtained by titration of sera against the muscle- 
softening factor are now compared with the known anti-a, anti-0 and 
anti-hyaluronidase values of these sera (table II) it is clear that these 

Tahu: II 

Comparison of anti-muscle-softening values of sera with their anti-o, anti-8 and 
anti-hyaluronidase values. The anti-muscle-softening value used is the 
average value against several different filtrates 


Scrum 

Antl-a value 

Anti-0 value 

Antl-lu aluronldase 
value 

Antl-mmcle- 
flottonlng \aluc 

R 8531 

170 

90 

640 

180 

R 5434 

0-2 


320 

55 

A 24422 

27 

13-5 

<20 

150 

A 16830 

57 


<20 

110 

R 6423 

75 

70 

320 

<2 

II 2917 

, 100 


320 

750 

R 7843 

140 

130 

<20 

320 

H 9564 

270 

360 

320 

230 

R 5603 

280 

0-7 

640 


GGC329G 

370 

38 

1280 

540 

R 7577 

420 

11 

<6 

77 

LX 251 

460 

0-2 

64.0 


H 3044 

520 

62 

320 

500 

Ex 770 

620 

165 

120 

360 


sera do not neutralise the muscle-softening factor in proportion to 
their anti-a, anti-0 or anti-hyaluronidase values. It is therefore 
unlikely that the muscle-softening substance is either a toxin, 0 toxin 
or hyaluronidase : it is probably a new toxin, wliich we propose to 
call k (kappa) toxin. 

Experiments with collagen 

Though testing with pieces of muscle was easy enough — to our 
great surprise testing to about 10 per cent, offered little difficulty — 
it was of little use for large scale work. So, as we knew from Robb- 
Smith’s work that disintegration of muscle was associated with the 
destruction of reticulin, we tried collagen as an indicator. Horse 
tendon pounded -with quartz and 1 per cent, saline swells to a jelly 
which, when spread on glass plates, dries to a substance resembling 
coarse unglazod paper. Pieces of this collagen “ paper ” were readily 
disintegrated by Cl. welchii type A filtrates and sera could be tested 
against a standard for their anti-disintegrating power, using pieces of 
collagen paper as indicator. Though testing by this method was 
sometimes easy and the results showed that the substances softening 
muscle and disintegrating collagen were the same ( i.e . a eollagenase), 
difficulties in preparing uniform collagen paper prevented the develop- 
ment of a satisfactory test until we hit on the idea of using the 
commercially availablo “ hide powder ”, which is a rich source of 
collagen. This hide powder was coupled with an azo- dye to give 
a bright reddish purple indicator (“ azocoll ”). When this was 
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incubated with Cl. welchii type A filtrates the disintegration of the 
collagen set the dye free into the liquid. Sera could then he tested 
for their power to prevent the diffusion of the dye from the azoeoll 
during incubation with Cl. welchii type A filtrates. 

. Preparation of azoeoll. Sieve 1 lb. hide powder (Baird and Tatlock) to 
60 mesh ; about 120 g. sievings should be obtained. To a solution of 0-575 g. 
benzidine in 100 ml. water containing 3 ml. cone. HC1 cooled in an ice bath add 
slowly a solution of 0-45 g. sodium nitrite in 10 ml. water. Allow to stand for 
10 minutes, then pour the tetrazotised benzidine into a chilled solution of 
6-25 g. sodium acetate (CH 3 COONa. 3B,0) in 500 ml. water. To the mixture 
add slowly with constant stirring a solution of 1*1 g. R-salt (sodium salt of 2- 
naphtliol-3 : 6-disulphonic acid) in 100 ml. water, followed by 20 ml. A T K,C0 3 . 
A brick-red dye is formed. In the meantime wash 80 g. of 60 mesh hide powder 
by repeated suspension in and filtration from 10 litres of water and finally 
re-suspend in 500 ml. water containing 30 ml. 2N K 2 C0 3 . Add the dye to the 
suspension in G equal lots at intervals of 10 minutes. The colour changes from 
brick-red to purple-red. After all the dye has been added, add 25 ml. 2N KjC0 3 
and allow the mixture to stand for ten minutes. Centrifuge or filter off the 
dyed hide powder and wash by re-suspending five times in 5-Iitre quantities of 
water. The wash liquors are coloured pink. Then re-suspend in about 300 ml. 
water, stir constantly and slowly add 1 *7 litres of acetone. Repeat washing with 
acetone until acetone washings are no longer pink, filter off azoeoll and remove 
residual acetone at 37° C. Sieve the azoeoll to 00 mesh, dry over P»0 £ under 
reduced pressure and keep in 5-10 g. amounts in rubber-capped bottles under 
nitrogen. Azoeoll required for indicator should be suspended as needed in 
1 per cent. Manucol IV * (300 mg. to 100 ml.). The Manucol is used to obtain 
an even suspension of the azoeoll ; in addition it may help to prevent the dye 
diffusing too far into the liquid when azoeoll disintegrates. 

Titration of sera. Make mixtures in Lambeth tubes of the test dose of 
filtrate at the level chosen (usually 2 units), amounts of serum differing by 
10 per cent., and saline to make up to constant volume. Allow them to stand 
for half an hour, then add 1 ml. azoeoll suspension to each. Incubate over- 
night in a water-bath at 37° C. (to prevent convection currents the water m 
the bath should reach the highest liquid level in the tubes). The end-point is 
taken as the tube which contains the maximum amount of antitoxin showing 
the development of a well marked red colouring above the azoeoll. It has 
proved easy to use this test as a routine.f 

Table III shows a comparison of the values obtained for sera using 
all three indicators. For nearly all sera the values obtained using 
muscle, collagen paper or azoeoll as indicator are identical within the 
limits of the tests, suggesting that the same substance is responsible for 
the effects produced in all three. 


Discordant sera 

Of the 38 sera examined two — R 5603 and R 6514 — show significant 
discrepancies between the values obtained in muscle and azoeoll tests- 

* Manucol IV is a polymer of d-mannuronic acid (Allbright & Wilson, jBirminghacoh 
Occasionally a filtrate formed a gel with the Manucol ; in such cases isotom c 
was used for suspending the azoeoll. f ,, irL , 0 

f If sera are tested for very low levels of anti-* .activity, the presence o ^ 
amounts of serum in the test mixture may lead (in the presence oi tree * .. , 

bleaching of the azoeoll. Mixtures showing bleaching are always underaeutraus 
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There are at least three possible explanations : (1) that the muscle- 
softening and collagen-disintegrating substances are different and that 
the agreement in serum values using muscle and azocoll as indicators 


Table III 

Comparison of serum values against filtrate AG 835, using three 
different indicators 



Serum values u«lng as Indicator 

Scrum 




muscle 

collagen " paper " 

azocoll 


R 8531 

180 

180 

180 

R 5434 

50 

5$ 

65 

A 16836 

no 



A 24422 

180 

170 


R 7843 

330 



H 329G 

500 



H 3044 

500 


600 

LX 251 

800 

700 

650 

R 6G03 

900 


360 

R 6014 

160 



Teat dose 

0*9 ml. EE 2 k units 

0*9 ml.— 2 k units 

0*5 ml.S~2 k units 

Minimum effective 
doses por test dose 
at 2 units 

30 

15 

250 

Sensitivity of serum') 
value test * / 

± 10 per cent. 

±10 per cent. 

± 5 per cent. 

Accuracy of serum\ 
value test J 

±20 per cent. 

±20 por cent, 
(irregular) 

±10 per cent. 


• Accuracy to which the cod-point of a single titration can be read. 


is fortuitous ; (2) that the muscle-softening substance disintegrates 
collagen, but that another collagenase is present having no muscle- 
softening properties ; (3) that R 5603 and R 6514 are non-avid and 
that the finely divided azocoll competes with them for toxin more 
effectively than pieces of muscle. 

We therefore attempted to neutralise the muscle-softening substance 
in filtrate AG 952 with R 5603 and R 6514 and determined the values 
of sera against the partly neutralised filtrate, using azocoll as indicator. 
Table IV shows that tliero is no evidence for the existence of a second 
collagenase, for if there were, it would have been expected that 
the values of some of the sera against it would have been different 
from their anti-musole-softening values. Nor has it been possible 
to demonstrate non-avidity in R 5603 or R 6514, for tests at 
higher levels show no tendency for the muscle and azocoll values to 
approximate. 

The discrepancies in the values of R 5603 and R 6514 are therefore 
unexplained, for we find it difficult to believe that so many sera would 
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show concordant values in muscle and azocoll tests if the substances 
effective in these tests were different. 


Table IV 

Serum values (using azocoll as indicator) against 
unneutralised and partially -neutralised AG 952 


Serum 

Scrum value against 

filtrate AO 052 

AG 052 partially 
neutralised \t 1th It 6003 

AG 052 partially 
neutralised with R G514 

R 8531 

180 

180 

180 

R 5434 

50 

55 

45 

R 0712 


100 

120 

R 6743 

320 

310 

330 

R 7843 


300 

250 

GGC 3296 

570 

500 

580 

H 2917 

800 

700 

7 00 

Test dose 

0-33 ml.==2 k units 

0-8 ml.ESl k unit 

0*8 mlSl k unit 


Can a toxin disintegrate muscle ? 

It is easy to show that Cl. welchii type A filtrates in which all the 
a toxin has been neutralised still disintegrate muscle, while filtrates 
in which all the k toxin has been neutralised have no muscle- 
disintegrating power, though large amounts of « toxin may still he 
present. 

Histological examination of pieces of muscle or liver incubated with 
Cl. welchii type A filtrates shows that, if k toxin is present, the 
reticulum surrounding the muscle fibres or liver trabeculse is destroyed 
whether « toxin is present or not. If all the k toxin is neutralised, 
no effect is produced on reticulum, however much a toxin is present. 

Do types B, C and D of 01. welchii produce k toxin ? 

A few strains of types B, C and D have been examined. Of these 
only type C produced measurable amounts of k toxin (0-83 m. o 
filtrates^ k unit by azocoll testing), while filtrates of type B an 
cultures contained only traces. 

Summary 

1. Cl. welchii type A filtrates contain at least one additional tox 
immunologically distinct from a toxin, B toxin and hyalurom as 
This substance (k toxin) is a collagenase which breaks down m 
by attacking its collagen and reticulin scaffolding and may 1 r 
be responsible for the pulping of muscle seen in human gas gaugr 
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2. The anti-K values of sera can be determined using muscle, 
collagen “ paper ” or azocoll as indicator. A method for preparing 
azocoll is given. 

3. A few sera show unexplained discrepancies between their anti-* 
values determined against muscle and azocoll as indicators. 

We should like to express our thanks to Mr A. T. Glenny for constant help 
and advice, to Dr H. J. Rogers for the anti-hyaluronidase estimations and to 
Dr R. G. Macfarlane, Dr J. D. MacLennan and Dr A. H. T. Robb-Smith for 
allowing us to iise their findings before publication. 
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LABORATORY FINDINGS IN CLINICAL DYSENTERY 
IN MIDDLE EAST FORCE BETWEEN AUGUST 
1940 AND JUNE 1943 

J. S. K. Boyd 

Directorate of Pathology , The War Office , London 

Middle East Force was, during the period covered by this com- 
munication, an extensive command, and had hospitals with their 
attached laboratories in Egypt, Sudan, Eritrea, Palestine, Syria, 
Cyprus, Libya, Cyrenaica, Tnpolitania and Malta. The figures given 
m tliis paper are compiled from returns received from laboratories in 
all these countries, and can therefore be claimed to be a reliable 
cross-section of the dysenteric flora of this area. They were rendered 
in monthly reports submitted to the Deputy Director of Pathology, 
Headquarters, Middle East Force, between August 1940 and June 
1043, when it was decided that it was no longer necessary to attempt 
the isolation of dysentery bacilli as a routine procedure in all suspected 
cases. 

^Methods 

The methods used m the isolation and identification of dysentery bacilli were 
those taught at, the Roj al Army Medical College, which have been described 
elsewhere (Boyd, 1939 40). For the isolation of the organism, McConkey’s 
medium or litmus-Iactose-bde salt agar medium was used. Sodium desoxy- 
•cholnte was not available until the end of this period and then only in limited 
quantities. Its use would probably have increased the percentage of isolations 
it ho ugh a controlled experiment showed that in the acute stages of bncillaiy 
dysentery its advantages are not so obvious as in the old or chronic case) but 
would have made no important difference m the percentages of the different 
■types found. For serological confirmation of the identity of the dyscntery-Iike 
organisms isolated, the following antisera (all supplied by the Emergency 
Vaccine Laboratory) were used * — (1) Shiga, (2) Schmitz, (3) Sonne, (4) Flexner 
polyvalent 1 and 2. 

Flexner polyvalent 1 serum was a mixture of sera prepared from Flexner 
types I (V), H (XV) and III (Z) m quantities sufficient to give an approximate 
titre of 1 ; 250 for each of these types Fiexner polyvalent serum 2 was a mixture 
oFFJexner IV (103), V (P 119), VI (88-Newcastle Manchester) and Boyd I (170). 
"The last of these was included because this organism had been found to bo of 
relatively common occurrence in India. Other types identified in India (Boyd, 
1932 and 1939 40) were deomed to be too rare to merit inclusion m routine 
■diagnostic sera, but in order to maintain a check on their occurrence, instructions 
were issued for unidentified dysenterv-liko organisms to be sent to the Central 
Pathology Laboratory, where mannitol fermenters were investigated by the 
author and non mannitol fermenters by’ Major J. D. MacLennan. 
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Results 

Table I is an analysis of the findings during the period under 
review. The figures include all cases investigated by laboratories, 
but do not represent the total incidence of dysentery in the force, 
as many cases were of necessity diagnosed on clinical grounds only. 


Table I 

Gases of clinical dysentery investigated between August 1940 
and June 1943, showing isolations and percentages 



August to 
December 
1040 

1041 

1042 

! January 
to June 
1943 

Total 

Isolations 
as a per- 
centage of 
total* cases 
investigated 

Percentages 
ot various 
dysentery 
bacilli 
isolated 

Total number of eases 
of clinical dysentery 

2381 

22,578 

31,991 

8023 

64,972 



investigated 








B. dysentcricc Shiga 

97 

1375 

2696 

348 

4516 

6-95 

18-86 

Schmitz 

75 

455 

917 

154 

1601 

2-46 

6-68 

Sonne 

35 

567 

822 

342 

1766 

2-71 

7-37 

Flexner I to VI and 

755 

4533 

7855 

1609 

14,752 

22-71 

61-59 

Boyd I 








Other non - mannitol 
fermenters 

2 

311 

143 

60 

516 

0-79 

2-16 

Other mannitol fer- 
menters 

92 

354 

330 

24 

800 

1-23 

3-34 

E. histolytica 

130 

1070 

1554 

i 

1709 

3463 

5-33 

... 


The total number of dysentery bacilli isolated was 23,951. The 
percentage of isolations (including E. histolytica 42 T9 per cent.) is 
lower than that usually obtained in peace-time conditions, but this 
is the inevitable result of the “ rush ” which occurs during the 
dysentery season, when it is often impossible to examine more than 
one specimen from each patient or to devote more than half a plate 
of medium to each specimen. In practice, the isolation and identifica- 
tion of the organism is not hi the majority of cases a matter of much 
importance to the physician. The experienced pathologist has no 
difficulty in making an accurate diagnosis of the type of dysentery 
(whether bacillary or amoebic) from the microscopic characters of 
the exudate, and no further differentiation is normally required for 
purposes of treatment. 

It is of interest to compare these figures with those of the Arty 
in India (table II). The Indian figures are from a series of 7339 strains 
identified in the years 1932-1935. They do not include “ other non- 
mannitol fermenters ”, but as these were of rare occurrence, the 
percentages are -not significantly raised. The close relationship 
between the two sets of figures is remarkable. 

The vast majority of the “ missed ” cases were bacillary and no 
amoebic dj r sentery. The latter is rarely a self-limiting disease, an , 
although temporary remissions may occur in the absence of diagnosis 
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and specific treatment, recurring relapses sooner or later draw 
attention to the real nature of the disease. For this reason, the true 
incidence of amcebio dysentery is unlikety to be much greater than 

Table II 


A comparison between the percentages of dysentery bacilli identified in 
,India, 1932-1935, and Middle East Force t August 104.0- June 1913 



SlUga 

Schmitz 

Sonne 

FleTner 
3-VI and 
Boyd I 

Other 

mannitol 

fermenters 

Other 

non-mannitol 

fermenters 

Array in India, 1932-1935 . 

14-3 

5*5 

10-9 

62-3 

8-9 

No record 

Jliddlo East Forco, August 
1940-June 1945 

18*80 

C-68 

7-37 

61*59 

3*34 

2*16 


that shown in table I, i.e. just over 5 per cent, of all cases. Its 
incidence was slightly higher in the Sudan and Eritrea than in Egypt 
and Palestine and tended to be greater in troops who had been in 
the country for some time. 

Of the dysentery bacilli isolated, 94-5 per cent, were of recognised 
types and wore readily identified by the standard antisera supplied 
by the Emergency Vaccine Laboratory. No attempt was made to 
identify the individual types of Flexner bacilli, nor are accurate 
figures available to show the proportions which fell into the groups 
covered by the Flexner polyvalent 1 and Flexner polyvalent 2 anti- 
serum respectively. It can be said, however, that a very considerable 
number were in the latter group, indicating that these more recently 
described types are of common occurrence in the Middle East as 
in India. 

Atypical strains 

An account of the atypical non-mannitol fermenters has already 
been published by MacLonnan (1945). Of the 800 mannitol fermenters 
which were not identified by the standard antisera, a total of 109 
strains were received at the Central Pathology Laboratory for 
investigation. 

Fifty-fivo of these were of types already described (Boyd, 1932) 
and occurred in the following numbers : — Boyd II (P 288), 13 ; Boyd 
III (D 1), 2 ; P 274, 28 ; P 143, 5 ; D 19, 7. Type P 274 has now 
been shown to have a wide distribution, always in association with 
clinical bacillaiy' dysentery. Originally described from India, it has 
been found in the Middle East as noted above, in Australia (Itotlistadt 
ct al., 1943), in America (Kuhns, 1943 ; Wheeler, 1944 ; and others), 
and recently a strain was isolated in the Scottish Command Laboratory. 
It is therefore proposed that this type should bo known as Boyd IV. 
For convenience, but with less justification, P 143 may bo called 
Boyd V, and D 19 Boyd VI. No evidence other than that they 
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have been isolated only from cases of dysentery can be produced 
regarding the pathogenic action of the last two types. 

Eighteen others were found to be of one antigenic pattern, but 
subsequent investigation showed that they were not true dysentery 
bacilli, as they possessed a degree of motility. Their capacity to 
produce indol in peptone water excluded them from the salmonella 
group. 

Antisera were prepared from several of the 28 residual strains, 
but only two of these reacted with strains other than the homologous 
organisms. The two types thus identified accounted for 10 strains, 
leaving 18 unidentified. By an unfortunate mischance one of these 
types (Rhemes), bf which there were 4 strains, was lost. 

The remaining type (1296/7), of which 6 strains were found, was 
passed on to Lt.-Col. A. E. Francis for further investigation. It 
was found to contain Flexner group antigen and therefore qualifies 
to take its place as a member of the Flexner group. Its detailed 
characters have been described in a separate communication by Francis 
(1946) on two new Flexner types, in which 1296/7 is designated 
Shigella Flexneri, type VIII. 

An analysis of these results is given in table III. 

Table III 


Analysis of 109 strains submitted as atypical 
mannitolfcrmcnling dysentery bacilli 


Type 

Xo. 

Boyd n (P 288) .... 

13 

Boyd III (Dl) 

2 

Boyd IV (P 274) .... 

28 

Boyd V (P 143) 

5 

Boyd VI (D 19) 

7 

Flexner VIII (strains 1296/7) 

6 

Strain “ Khemes ” (lost) 

4 

B. dispar types ..... 

8 

Not true dysentery bacilli (motile) 


Unidentified ..... 

18 


It is perhaps worthy of note that B. alkalescent, which by virtue of 
its biochemical reactions should have found its place in this series, 
is conspicuous by its absence. 


Summary 

1. 23,950 strains of dysentery-like organisms were isolated and 
investigated in the Military Laboratories in Middle East Force 
between August 1940 and June 1943. 

2. 94-5 per cent, were serologically identified by means of t e 
standard sera supplied by the Emergency Vaccine Laboratory. 

3. Of the “ atypical ” non-mannitol fermenters, 50 of a series 
of 109 were of types which have already been described. 
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4. A new Flexner type (of which only 6 strains were isolated) 
has been identified and will be described as B. dysentence Flexner VIII. 

My thanks are due to the many pathologists m the laboratories of the 
Middle East Force, without whose willing collaboration it would have been 
impossible to compile these figures, and to Sgt. J. Pill mg, R.A.M.C., who 
assisted m the investigation of the “ other ” non mannitol fermenting organisms. 
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TWO CASES OF MULTIPLE MYELOMA (PLASMO- 
CYTOMA) WITH SECONDARY DEPOSITS IN 
THE DURA MATER 

Elizabeth Armstrong, J . Steven Faulds 
and M. J. Stewart 

From the Departments oj Pathology and Experimental Pathology , University of 
Leeds, and the Cumberland Pathological Laboratory, Carlisle 

(Prates XXXI-XXXIY) 

Tumours composed exclusively of typical plasma cells constitute one 
of the well recognised histological types of multiple myeloma ; indeed, 
according to most writers, they form the majorhy of medullary 
tumours. Those yielding visceral and soft tissue metastases and the 
extramedullary primary plasmocytomata are of greater rarity. The 
particular interest of the present cases, which are otherwise typical, 
lies in the occurrence of tumour deposits of considerable size in the 
cerebral dura mater. We have found but one other case of the land 
reported in the literature (Carlisle, 1938) and the condition seems 
exceptional enough to warrant recording. 


Case 1 

Clinical history The patient, a single woman of 47, was admitted to the 
Leeds General Infirmary complaining of " rheumatism ” and “ pains all over *\ 
The attacks of pain covered a period of one year, but for about two months 
pnor to admission she had also complained of marked lassitude and loss of 
weight. In addition, there was a lustory of cough and evening temperature 
for 11 dajs before admission to hospital The attacks of pain were typical 
of the condition of myelomatosis and were marked by the same sequence of 
events in whatever site they occurred The pain, of sudden onset, was sharp 
and stabbing m character and continuous m one particular site for a matter 
of weeks , it would then disappear suddenly and be followed by freedom from 
pain for a similar period This in turn would be followed by an attack 
in some other site. The right and left chest, scapular and lumbar regions and 
both legs in the distribution of the sciatic nerve were the principal sites of 
attack Pam m the right chest was aggravated by the cough which developed 
latterly. 

The patient became senouslv ill a few days after admission, with a painful 
cough and evening pyrexia, and persistent severe pain in the lumbar region. 
Death occurred two weeks later, following a period of marked delijdration 
and cachexia, 
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Plate XXXI 


Pig. 1. — Outer aspect of tlio cerebral dura mater (case 1), showing a semipedunculated 
circular tumour situated approximately over the middle of the longitudinal 
sinus and resembling an arachnoidal endothelioma in appearance and position. 
Another small nodulo of tumour tissue can be seen above and to the right. (Slightly 
reduced.) 

Pig. 2. — Inner aspect of the skull from case 1, showing the circular cavity, eroded in 
the bone, in which lay tho tumour shown in fig. 1. Only the thinned outer table 
of the skull remains. Another small eroded area below and to tho right corresponds 
to the smaller tumour mass in fig. 1. The specimen has been partly transilluminated. 
(Slightly reduced.) 
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Plate XXXII 


Plasmocytoma trim dural deposits 



Fio. 3. — Section of dural tumour from cnso 1, showing tho general arrangement of 
closely packed plasma cells in trabecula;, separated by fmo connective tissue septa 
containing capillary blood vessels, x 250. 



> '.u-i *" 4,. 

'r . 

I id, 4. — High power view of one margin of a costal tumour from case ], showing 
diffuso infiltration of Btriped {intercostal) muscle by tumour cells. X400. 
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middle lobe and central portion of the lower lobe of the right lung 
and extensive bronchopneumonia of the left lung and base of the 
right. There was a long-standing calculous hydronephrosis on the 
left side, with compensatory hypertrophy of the right kidney. 


Histology 

The microscopical structure of the dural tumour is essentially 
the samo as that of the osseous and glandular deposits. In 
general the tumours are characterised by great and uniform cellularity 
and an inconspicuous amount of stroma. The cells are closely packed 
and a trabecular arrangement is present in some areas of both 
medullary and dural tumours, the trabecula; being separated from 
each other by fine connective tissue strands. In other areas no 
stroma is recognisable with routine staining and the cells are so 
closely packed as to show marked signs of mutual pressure. The 
tumour tissue is on the whole very vascular, with numerous small 
well formed blood vessels. 

The typo cell is the plasma cell, with characteristic structure and 
staining properties conforming to the four morphological criteria laid 
down by Marschalkd (quoted by Michels, 1931). In outline these 
cells are oval, round, or, when modified by mutual pressure, polygonal 
or rectangular ; they have opaque homogeneous cytoplasm and a 
clear crescentic perinuclear zone. The nucleus is relatively small 
and eccentrically placed, with blocks of chromatin arranged close to 
the nuclear membrane, giving the so-called " clock face ” appearance. 
In krematoxylin and eosin-stained sections the tumour cells show 
faintly basophilic cytoplasm and some variation in depth of nuclear 
staining ; with the Unna-Pappenheim stain the cytoplasm yields the 
typical bright carmine colour of plasma cells. The vast majority of 
the cells are well differentiated. Mitotic figures are absent in most 
of the sections ; occasional binucleate forms are present, in some of 
which the usual chromatin arrangement is retained, while others 
show degenerative changes. A few cells with typical cytoplasmic 
outline and eccentrically placed nucleus give a bright red staining 
reaction with hsematoxylin and eosin and display a dark-staining 
somewhat shrunken nucleus, but no degenerate forms with red- 
stained globules — Russell bodies — are seen. Vesicular cytoplasm 
characterises a small number of the cells. 

In the dural tumour the most striking feature is the trabecular 
arrangement of the tumour cells (fig. 3). A few cells show degenerative 
changes, some presenting karyorrhexis and deeply acidophil cyto- 
plasm, others large vacuolated nuclei and loss of cytoplasmic 
outline. The sacro-iliac tumour is particularly vascular and in it, 
large sheets of closely packed cells form a mosaic. In one of the 
costal tumours a nodule of neoplastic tissue has breached the fibrous 
periosteum and penetrated the adjacent striped muscle (fig. 4), while 
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tumour tissue is also seen tying free in the lumen of a small 
vessel (fig. 5). 

Of the glands examined microscopically, the most advanced 
changes are seen in those of the cardiac group. Here the normal 
structure is entirety lost, the whole gland having undergone plasma 
cell replacement (fig. 6) ; only an occasional lymphocyte is seen. A 
gland from the lesser omentum shows marked sinus catarrh; the 
whole structure is very vascular and numerous mitoses are present. 
Some areas of a paratracheal gland on the other hand are packed with 
lymphocytes, with only a few plasma cells interspersed ; other fields 
show the normal glandular structure in process of plasma cell 
substitution. 

A specimen of sternal marrow obtained post mortem show's nothing 
abnormal. 


Case 2 

Clinical history. The patient, who died in 1932 at the age of 77, had been 
admitted to a mental hospital in 1884, when 28 years old, suffering from mania. 
In 1910 he was classified as suffering from dementia, but his physical state was 
good. In 1929 he had an infection of the right hand, with subsequent disorder 
of the metacarpo-phalangeal joint of one finger. In 1930 he complained of 
stiffness of the neck for which no cause was found. Examination of the 
chest revealed no abnormality and no abnormal constituents were found in the 
urine. He had a well marked intention tremor and his pupils reacted sluggishly. 
Weight 11 st. In January 1932 he had two slight attacks of haemoptysis, after 
which he began to lose weight and to become sallow. The only abnormality 
found on examination was enlargement of the prostate, detected per rectum. 
By 21st May 1932 his weight had fallen to 7 st. 10 lb. By September he had 
become very weak and was running an occasional temperature, with tachycardia 
and slight dyspnoea. He died on 11th September. 


Post-mortem examination 

The body was extremely emaciated. On opening the thorax, a 
tumour the size of a hen’s egg was found projecting into the intenor 
of the chest (fig. 7). It sprang from the inner aspect of the left 
8th rib in the mid-axillary line and was associated with a pathologies 
fracture. A similar but smaller tumour was present in the right 
5th rib. There were no tumours in the sternum. The lungs were t ie 
seat of a confluent bronchopneumonia. There were no deposits o 
growth in the lungs and no evidence of old tubercle. The aorta an 
coronary arteries were atheromatous but there was no evidence o 
syphilitic aortitis. The heart showed brown atrophy. The kidnejs 
were small and the seat of much ischaemic scarring, with many o 
infarcts, while the capsules were adherent. The right adrena con 
tained a cortical adenoma 2 cm. in diameter. The digestive rac ^ 
from the pharynx to the rectum presented no abnormality k^y 011 
patchy engorgement of the duodenum and small intestine. The te s e 
were normal except for large bilateral hydroceles. 
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Plate XXX1XI 


PLASMOCYTOMA WOT DURAL DEPOSITS 
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Flo 5 — Section from same tumour as fig 6 On tho right a nodule of tumour tissue 
is seen within the lumen of a tlun wallod blood vessel X 250 
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Plate XXXIV 


PLA9MOOYToatA WITH DUHAL DEPOSITS 



Fio. 7. — Above, the outer 
aspect of tlie cerebral dura 
mater (caso 2), with two large 
tumours, one situated over 
the longitudinal sinus in an 
exactly comparable position 
to that in c ase 1 . Below , the 
8th rib, with a tumour arising 
in the mid-axillary line. 
Slightly reduced. 


Fig. 8.— Outer aspect of the 
skull from case 2, showing the 
two large holes with irregular 
margins eroded in the bone 
by the dural tumours shown 
in fig. 7. Two smaller holes 
produced by smaller deposits 
are also shown. Slightly re- 
duced. 


Fio. 7 
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figures, were the predominating feature, in the present cases the 
tumour cells are almost exclusively well differentiated plasma cells 
and mitoses are quite exceptional. Nevertheless, in spite of these 
distributional and histological differences,’ the tumours clearly possess 
comparable metastasising potentialities, including dural lesions with 
similar absorptive effects on the overlying calvarium. These facts 
support the view that, in myelomatosis, histological appearances with 
regard to the degree of differentiation of cells and number of mitoses 
bear little if any relationship to the capacity of the tumours for 
growth and metastasis. Hellwig (1943), considering prognosis in 
cases of plasma cell tumours, observes that microscopic appearances 
do not play a dominating role in predicting the clinical course, while 
Masson and Wolf classify plasma cell tumours into plasmocytoma 
and plasmosarcoma according to the occurrence or non-occurrence of 
metastases and not according to the histological features. 

In the present instances the metastatic nature of at least the dural 
tumours would appear to be unquestionable. Although plasma cells 
are normally present in many internal organs, the occurrence of dural 
plasma cell tumours without visceral deposits is opposed to the idea 
that all plasmocytomatous lesions are part of a systemic change. 

Blood-borne metastatic deposits of other tumours in the dura 
mater are not rare. They were present in 12 of Willis’s (1934) personally 
observed series of 323 cases of malignant disease, and in a review 
of the literature this author found records of 51 cases of discrete 
dural metastases, the principal primary growths being mammary 
carcinoma (13 cases), pulmonary carcinoma (11 cases) and melanotic 
tumours (8 cases). The conception of blood-borne deposits in the 
present instances therefore seems reasonable. 

The lymph-gland changes in case 1 present a more difficult 
problem. Primary plasmocytoma of lymph-glands is rare (Hellwig) ; 
we have encountered one striking example. The possibility of the 
changes being in the nature of a systemic response of fixed reticulum 
cells to the stimulus causing the primary tumours, as described by 
Parsons (1943) in experimental mice, must be considered. In case 1 
sections of glands in the early stages of plasma cell replacement o 
not show any convincing intermediate forms between reticulum an 
plasma cells or between lymphocytes and plasma cells, nor anj 
particular spatial relationship between proliferating reticulum ce s 
and the collections of mature plasma cells present. The lac' 0 
immature cell forms and the occurrence of other metastases appear 
to support the view of a metastatic origin of the lymph gland tumours 
also. As the present advanced cases seem to add little to the a r ® a 
available evidence, it is not proposed to discuss whether the me u a 
tumours are to be regarded as systemic or metastatic in nature. ^ 

The erosive effect of the dural tumours on the calvarium ^ 
remarkable and in striking contrast to the hyperostosis w , C1 L I j] < 
frequently seen where arachnoidal endotheliomas invade e 
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Rather does the appearance resemble the bony absorption which 
occurs over normal or hypertrophied pacchionian bodies projecting 
from the outer aspect of the dura mater, with this dilference that in 
the present instances the apertures in the skull look as if they had 
been drilled out or cut out with a knife (fig. 8). 

The absence of Bence-Jones proteinuria is of little significance, 
since it occurs only in some 65 per cent, of cases (Donhauser and 
de Rouville, 1941). Renal tubular lesions of an obstructive nature 
are described by Bell (1933) and others as occurring frequently in 
cases of multiple myeloma, usually in the presence of Bence-Jones 
proteinuria. In the present case 2 the kidneys were unfortunately 
not examined microscopical^', but the gross renal lesion present in 
case 1 was obviously of long standing and would appear to be un- 
connected with the neoplastic process. 


Summary 

Two cases of multiple plasmocytoma are described, one a woman 
of 47 in whom there were numerous medullary and lymph-glandular 
lesions and one large and ono small deposit in the cerebral dural mater, 
the other a male lunatic aged 77 in whom there were two massive 
and two smaller deposits in the cerebral dura and deposits in two 
ribs. In this case the dural tumours had penetrated completely 
through (the whole thickness of the vault of the skull, while in case 1 
only the much thinned outer table remained over the larger growth. 
It is concluded that the dural tumours were due to blood-borne 
metastasis and were not part of a multifocal primary systemic change. 

Only one similar case has been found in the literature. 
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THE EFFECT OF TEMPERATURE ON NON-SPECIFIC 
INFECTIONS OF FISH 

K A Bisset 

From the Bacteriology Department, University of Edinburgh 

In the course of investigations of bacterial infections of fish and 
lower vertebrates, several workers have encountered organisms 
belonging to groups winch are usually considered to be essentially 
saprophytic in habit 

Epidemics of disease among roach and other fresh wator fish were studied 
bj Wjss (1898) and Babes and Riegler (1903), and in both instances the infecting 
organism was identified as Proteus An infection of frogs and fish was reported 
by Sanarelh (1891), and later Russell (1898) isolated a similar bacterium from 
a disease of frogs It appeared to be a member of the Pseudomonas group 
Hume Patterson (1903), from his studies of ‘fungus disease ” of salmon, con 
eluded that the fungus represented a secondary infection and that the primary 
infecting organism was a "liquefying bacillus •* wlncii he did not identify 
Cultures obtained from “ fungus disease ” of salmon, and exactly resembling 
those described by Hume Patterson, were exammed by the author and found 
to consist of a mixture of a typical Proteus and Pseudomonas fluorescens Ihe 
pigmentation of the latter organism was suppressed in the mixed cultures, 
except for an occasional clouding of the medium as reported by Hume Patterson 
Anderson (1909) exammed lesions in fish taken from the vicinity of a sower 
and isolated from them bacteria which lie identified as Staphylococcus and 
typical Escherichia coh Anderson apparently considered that tho organisms 
responsible for the disease were derived from the sewage Williamson (1929), 
in a review of bacterial infection of the lower vertobrates, concluded that m 
certain circumstances saprophytic water bacteria might become pathogenic 
for these animals Calmette (1922) expressed similar opinions with regard to 
saprophj tic Mj cobactena 


Preliminary observations 

In the course of numerous routine examinations of fish in 
connection with the laboratory services under the Diseases of Fish 
Act, the writer lias many times isolated what appeared to be 
saprophytic water bactena from pathological conditions in salmon 
and fresh-water fish These appeared to belong mainly to the 
Proteus, Pseudomonas and Achromobacter groups, although repire 
sentatives of other genera were also encountered 

From a number of salmon, organisms with the characters of the 
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Proteus group have been isolated, in some cases apparently associated 
with lesions. Similar organisms have been found in the tissues of 
healthy trout taken from hatcheries in the course of examination 
for carriers of B. sahnonicida. These frequently differed from the 
classical strains of Proteus in their ability to ferment mannitol. 

Goldfish have been frequently observed to carry large numbers of 
bacteria, Ps. fluorescens being exceedingly common. For this reason 
these animals were first chosen for the experimental work recorded 
in this paper. 

It had been noticed, in relation to other diseases of fish, that 
temperature is of prime importance in the occurrence and severity 
of the disease (see Second Interim Report, Furunculosis Committee, 
1933), and accordingly it was decided to test the effect of varying 
temperatures upon the incidence of the non-specific infections referred , 
to above. Goldfish were considered specially suitable from this 
viewpoint also, as they are capable of existing comfortably at 
temperatures over a considerable range. 


Experimental observations 


Experiment 1 


In the first experiment 47 goldfish were used. A few drops of peritoneal 
fluid were aspirated from each with a sterile hypodermic syringe, cultures were 
made on yeastrel agar and incubated at 22° C. A bacterial growth was obtained 
in this manner from 21 fish ; the remaining 26 appeared to carry no cultivable 
bacteria in the peritoneal cavity. The organisms isolated were mainly proteolytic 
Gram-negative bacilli of the Proteus, Pseudomonas, Chromobacter and Achromo- 
bacter groups, diphtheroid bacilli and Micrococcus, both the latter being of 
low fermentative power and non-proteolytic ; a proteolytic Sarcina and a 
Staphylococcus were also isolated from time to time. .The growths were usually 
mixed, although occasional pure cultures were obtained. 

Infected and uninfected fish were each divided into two groups, one group 
of each category being placed in a thermostatically controlled tank at 10 C., 
the other in a similar tank, the temperature of which was gradually raise 
over 2 or 3 hours to 23° C. and maintained at that temperature. 

The fish were distributed as follows : — 


Tank 1. 23° C. 
„ 2. 23° C. 

„ 3. 10° C. 

„ 4. 10° C. 


1 1 infected fish 
10 uninfected fish 
13 infected fish 
13 uninfected fish 


Each tank was aerated by means of a small jet of water directed continuously 
upon the surface. The fish were fed on alternate days with dried Daphnia. 


The tanks were examined at frequent intervals throughout e 
day and fish which died were at once removed and cultures n,a e 
from the peritoneal fluid. In all cases a profuse growth was obtaine • 
At the end of twelve days all surviving fish were killed an 
cultures were made from the peritoneal fluid. These were incu a e 
at 22° C. and the growths obtained were recorded as “ profuse 
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“ slight ”, the former indicating numerous colonies or a confluent 
growth, the latter a small number of discrete colonies. Judged by 


Table I 

Time of death of fish {expt. 1) 



the same criteria the amount of growth in the original cultures from 
the living fish was usually slight in proportion to the comparatively 
large inoculum of peritoneal fluid used in those cases. 

Cultures from surviving fish. The bacteria in these cultures were 
much the same as those obtained originally from the fish, but the 
proportion of Gram-negative bacilli was somewhat greater, particularly 
in those with a heavy' infection and including those dying during the 
experiment, all of which were heavily infected, as already stated. 
These results indicate that, when infected fish are maintained at the 
higher temperature, the degree of infection increases and may prove 
fatal in a small proportion of cases. That the increase of temperature 


Table H 

Result of cultures from surviving fish [expt. 1) 



Profuse growth 

Slight growth 

No growth 

Tank 1 

3 

3 

1 

»> 2 

0 

0 

0 

,, 3 

1 

8 

1 

t. 4 

1 

4 

7 


alone is not the cause of death is shown by the fact that the fish in 
tank 2, which was also at a temperature of 23'’ C., showed a death- 
rate identical with that among the fish in the two cold tanks (table I). 
The degree of final infection in the previously infected fish kept in the 
cold tank 3 remained moderate : the uninfected fish in the warm tank 2 
remained uninfected (table II}. In the cold tank 4 the fish showed 
some tendency to acquire new infection from the tank water, which 
always contained a large number of bacteria. 


Experiment 2 

The experiment was then repeated with a larger number of fish. 
Out of 103, 07 were found to be infected, 36 uninfected. These were 
joxtjlv, or path. — vol. ivm 8 
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divided as before and placed in tanks at 10° and 23° C., numbered 
as in the previous experiment. The results are shown in table III. 


Table III 

Time of death of fish ( expt . 2) 



In all cases profuse growths were obtained in cultures made from 
dead fish. 

By comparison with later experiments (vide infra), made without 
prior examination of the fish, it appears probable that the wound in 
the peritoneal wall made by the insertion of the hypodermic needle 
may have contributed slightly to the higher death-rate in both the 
preceding series. 

On the 19th day the survivors were lolled and cultures made 
from the peritoneal fluid (table IV). 

Table TV 


Results of cultures from surviving fish (expt. 2) 


Tank 1 

O 

„ 3 

.. 4 


Profuse growth 


2 

1 

10 

I 


Slight growth 


2 

1 

7 

3 


No growth 


19 

12 

3 

16 


Comparison of the figures for tanks 1 and 3 and with the corre- 
sponding figures for the previous experiment shows that the 
increased degree of infection of the previously infected fish (previously 
observed to occur in the course of approximately 12 days at the 
higher temperature) is followed in the course of the succeeding nee' 
by a decrease, the surviving fish apparently clearing themselves o 
infection. During the same time, the relationship between host an 
parasite in the cold tanks remains unaltered and the uninfected s 1 
at the higher temperature acquire no new infection. 

Experiment 3 

In order to confirm these results still further, 146 fish were taken 
and divided arbitrarily into two groups without previous examine 
As before, they were placed in tanks at 23° and 10° C. respective y 
These fish were all in exceptionally good condition, and since 16 
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■was no trauma from an initial examination, as in the previous 
experiments, the actual death-rate was low. Two fish died in the 
warm tank, one on the 7th and one on the 11th day. None died in 
the cold tank. 

Samples of equal numbers of fish from each tank were taken at 
intervals. They were killed and cultures were made from the peritoneal 
fluid. The results are shown in table V. 

Table V 


Growth in culture from sample fish ( expt . 3) 




Growth on culture 

Day of eipt. 

No. of fish from 
each tank 

Warn tank (23® C.) 

Cold tank (10° C.) 



Profuse 

Slight 

None 

Profuse 

Slight 


10 

10 

4 

o 

4 

3 

o 


20 

12 

3 

2 

7 

2 

5 



24 

4 

3 

17 

6 

9 


45 

15 

0 

5 


3 

7 


55 

12 

0 

1 

11 

1 

2 

9 


These results may be expressed as the ratio of infected fish per 
unit of uninfected fish in each sample : — 


Date of sample 


Cold tank 

Day 10 

1*5 

10 

fy 20 

0*7 

1-5 

„ 30 

0-4 

1*7 

„ 45 

0-5 

2*0 

„ 55 

0, 

0*3 


With the exception of the last figure in the cold tank series, this 
shows, in the warm tank, a gradual decrease in infection and in the 
cold tank a corresponding increase. As the bacterial content of the 
water was high throughout in both tanks, it would appear that initial 
infection or reinfection of healthy fish takes place more readily at 
the lower temperature. 


Experiment 4 

To test the effect of a temperature intermediate between 10° and 
23° C., cultures were made from fifty living fish, and the infected 
ones, thirty-three in number, were placed in a tank at 15° C. Sample 
fish were killed at intervals in the course of the next month. There 
were no spontaneous deaths and no reduction of infection. It may 
therefore bo assumed that the critical temperature for these phenomena 
lies between 15° and 23° C. 
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Experiment 5 

The ability of fish to clear themselves of infection more rapidly 
at high than at low temperatures was confirmed by an experiment 
originally intended to test the pathogenicity for fish of hsemolytic 
streptococci isolated from an infected throat in the human subject. 
Twenty-four large goldfish were injected intraperitoneally with 
0-5 c.c. of a dense emulsion of a 24 hours’ culture of a group G hsemo- 
lytic streptococcus. Eight fish were placed in a tank at 10°, eight at 
20° and eight at 30° C. Only one death occurred, in the tank at 20° C. 
immediately after injection. The other fish showed no signs of ill- 
health and it is improbable that the solitary death was due to the 
streptococci. These organisms were present in the tissues, hut in no 
greater quantity than in the first healthy samples. At the end of a 
week two fish were lulled from each tank and cultures made from 
heart blood, liver, kidney, spleen and peritoneal fluid. Similar samples 
were taken at intervals. The results are shown in table VI. At the 

Table VI 


Streptococci in the organs of experimentally infected goldfish 


Temp, of tank 

10° C. 

20° C. 

so* c. 

Organs 

H 

s 

L 

K 

P 

H 

S 

L 

K 

P 

H 

s 

L 

K 

? 

7 days 

+ "T 

++ 

+ + 

-i — !- 

+ + 

— 

+ + 

44- 

+ + 

4 4 

— 

+ 

4 

+ 

4 

16 „ 

44 

++ 

+ + 

+ + 

+ + 

— 

+ 

+ 

+ 

+ 

— 

— 




30 „ 

+ 

4* 

+ 

+ 

+ 

*■ 


+ 


+ 





_ , - 


H = heart K — kidney 

S = spleen P — peritoneal fluid 

L = liver 


end of thirty days streptococci were thus still present in large number^ 
in all the organs of the fish in the coldest tank ; at 20° 0. the s 
cleared themselves slowly and at 30° C. more rapidly. At hot i 
and 30° C. the blood-stream, if ever infected, was most rapidly c eare 


Discussion 

It appears from the data recorded above that fish may 
parasitised, sometimes heavily, by saprophytic water bacteria, 
mally this causes little pathological effect, but under excc 'P^, g ^ 
circumstances disease and even death may result. There app 
exist, at low temperatures, a balance between the aggressive 8 ^ 
of the bacterium and the defensive powers of the host. n ^ 
conditions the infected fish might be likened to a healthy ca ^ 

a specific pathogenic organism. When the temperature is ^ 

balance is upset, probably by changes in the metabolic ac i 
both host and parasite. In these circumstances, if the fish is pr 
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uninfected its defences will be so greatly increased that it becomes 
completely resistant to infection. If, on the other hand, bacterial 
parasitism has already become established, the bacteria tend at first 
to increase and a proportion of the fish may die. In time, however, 
the surviving fish succeed, in many cases, in eliminating the bacteria 
from their bodies. 

These points have been demonstrated in a striking manner by the 
investigations of Markoff and Jatsehewa (1939) on disease of trout 
in a Hungarian lake, the main infecting organism being Proteus. 
These writers draw attention to the fact that the fish had previously 
been subjected to considerable changes of tomperature without ill- 
effect, but that after the commencement of the infection among them 
the severity of the disease was greatly accentuated by increased 
temperature. 

The survival of hicmolytic streptococci in the tissues of fish at 
low temperatures is parallelled by observations made by Harkins 
(1927), Brunner (1937-38) and Hettehe (1937-38), who reported the 
survival in fresh-water fish of Erysipeloilirix rlmsiopatliicc derived from 
the offal of infected pigs. On occasion this has been reported as 
resulting in the infection of persons handling the fish. 

Steinhaus (1940) quotes numerous accounts of the survival of 
bacteria, both saprophytes and human pathogens, in Arthropods. 

The adoption of a parasitic and even a pathogenic habit by an 
otherwise completely saprophytic species mu9t bo of basic importance 
in the study of the nature of bacterial disease in animals generally. 
It is notable that bacteria provide, similarly, the only examples of 
parasitic species which can readily be constrained to adopt a sapro- 
phytic existence in artificial culture. 


Summary 

1. Fresh- water fish may become parasitised by what are ordinarily 
saprophytic water bacteria. 

2. These do not normally give rise to pathogenic effects, but 
may on occasion cause disease or death. 

3. Experiments on goldfish have shown that a rise in temperature 
from 10° to 23° C. will upset the balance between the host and these 
ordinarily harmless parasites. 

4. When this occurs there is at first an increase in the number of 
bacteria in the tissues of the fish, which may result in death. If the 
fish survives, the number declines and the tissues become cleared of 
infection. 

C. Because of this increase in the anti-bacterial defences of the 
fish, they are enabled, at the higher temperature, to withstand initial 
infection more successfully. 

6. At low temperatures the efficiency of these defences is so low 
that even organisms which appear devoid of pathogenic power towards 

Jocwr. or path — yol. inn s 2 
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fish, e.g. haemolytic streptococci, are not eliminated from their systems 
over a period of some weeks, whereas at higher temperatures their 
elimination is rapid and complete. 
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616 . 591+616 . 211] — 022 . 362 : 576 . 851 . 252 (Staph, aureus) 

SKIN AND NOSE CARRIAGE OF BACTERIOPHAGE 
TYPES OF STAPH. AUREUS 

R. E. 0 . Williams 

From the Medical Research Council Wound Infection Unit , 
Birmingham Accident Hospital 

Several workers have reported the association of the carriage of 
Staph, aureus on the skin of the back of the wrist with its carriage in 
the nose, and Gillespie et al. ( 1939 ) demonstrated the serological 
identity of the nose and skin strains ; the numerical association was 
confirmed by work reported in 1944 (Miles et al.). It has now been 
possible to extend the study by the use of the phage-type filtrates 
developed by Wilson and Atkinson ( 1945 ). 

Methods 

Bacteriological methods. As in the previous investigation, nasal samples 
taken with broth-moistened swabs through both anterior nares were plated on 
horse-blood agar and examined after two days’ incubation at 37° C. In the 
study of 50 students recorded below, Fildes’s agar plates were used for nose 
and skin samples. The skin was sampled with a moist swab, which was rubbed 
over an area about 3 cm. in diameter for 10 seconds. The swab was inoculated 
on half a blood agar plate and into broth, which was incubated for two days 
and then subcultured on blood agar, incubated anaerobically for one day and 
aerobically for a further 24 hours. The anaerobic incubation was designed to 
suppress the growth of aerobic spore-bearing organisms, which sometimes 
obscured the staphylococcal colonies. In the later stages of the investigation 
it was found that this end was better attained by anaerobic incubation of the 
broth culture ; the plate subculture could then be incubated aerobically 
■without fear that it would be overgrown. All colonies resembling staphylococci 
Were tested for coagulase activity as in the previous work. 

Many of the strains were phage-typed before the full battery of filtrates 
described by Wilson and Atkinson was available and it is therefore impossible 
to assign all of them to the “ types ” defined in that paper. Moreover, man}' 
of the strains, although lysed by some of the filtrates, did not fall into any of 
the defined types. These facts ore of no importance where the identity or 
otherwise of two strains tested on one day is in question, but they do affect 
the construction of the frequency distribution of the types that is needed to 
assess the probability of chance duplication. The distribution given below 
(table I) is in terms of the various combinations of phage reactions, and later 
■Work may show that some of the combinations here considered distinct are in 
fact no more than variants of a single type. This would mean that the prob- 
ability of chance duplication calculated below is too low, but it will be clear 
hat a considerable number of types would have to be affected to modify the 
general conclusions. 

£50 
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Subjects studied. Data from three groups of people are presented: (a) 
out-patients attending hospital for the first time with newly inflicted wounds 
which showed no clinical sign of infection ; (b) 50 volunteer male medical 
students aged about 18-23, 19 in their clinical and 31 in their preclmical years 
of study ; (c) 33 members of the hospital staff who were not, in their ordinary 
work, likely to handle infected wounds. 


Results 

The association of nose and hand carriage 

Strains of Staph, aureus isolated from the nose and skin of the 
hand of 65 out-patient double carriers were phage -typed. Both 
nose and slrin strains were untypable in 18 eases ; in 11 only one 
strain was typable and in 36 cases both strains were typable. In 
31 of these 36 instances of typable pairs, the skin strain was identical 
with that from the nose ; in five instances the types were certainly 
different. Clearly the nasal strain was also found on the skill in the 
majority of double carriers ; the discrepancy of the types in some 
might be due to the presence on the slrin or in the nose of an additional 
(adventitious) type. To investigate this possibility, 10 colonies from 
the primary plates of each of five nasal cultures were typed and in 
each case all the strains were either of the same type or untypable. 
However, two swabs taken from different areas of the skin of the 
hands of 22 subjects gave the following results : in 10 both strains 
were typable and the same ; in 4 both were typable but different ; 
in 3 both were untypable ; and in 5 one strain was typable, the 
other not. It is clear, therefore, that, as Fisk and Mordvin (19U) 
showed in one instance, more than one strain may be present on the 
hand ; had several colonies been typed as a routine, it is possible that 
a greater proportion of double carriers of identical types might have 
been discovered. 

The duplication of phage types in the nose and on the skin in a 
high proportion of double carriers strongly suggests that carnage on 
these two sites is interdependent. Duplication of a given type TOig [ 
occur by chance, the probability of the occurrence depending on ® 
frequency of the various types in the population at large. o 
instance, if one type constituted 50 per cent, of all the strains iso a e , 
chance duplication would be common, whereas the chance dup ca io 
of a rare type would be unlikely. We might estimate the frequency^ 
the various types by classifying all the strains that have been p a o . 
typed. This, however, would be misleading, for if similarity o 
in fact holds for the strains isolated from one person, t en . gr 
frequency of any one type will be partly determined by t c 1111 ^ _ 
of positive samples from each subject, and the resulting e ^ [ j om 
distribution will not represent the frequency of the types in a ra ^ 
sample of staphylococci. A more reliable frequency distri « _ ^ 

shown in table I, consisting of the typable staphylococci iso a 
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the noses of 127 subjects and from the shin of 34 others who had no 
' nasal strain, t'.e. not more than one strain is inoluded from any one 
patient. We may assume that tho strains isolated from the nose 

Table I 


Distribution of frequencies of phage reactions * in 
105 typable strains of Staph, aureus 


(1) 

Frequency 

(2) 

No. ot distinct 
phage-reaction types with 
frequency / 

1 

( 3 ) 

(•*) 


J'xt 


/ 

fxt 

1 

24 

24 

24 

2 

13 

26 

52 

3 

3 

9 

27 

4 

4 

16 

04 

G 

3 

15 

75 

7 

1 

7 

49 

8 

1 

8 

64 



N *= 105 

N* « 11025 

(Pi) « 355 


* See p. 250 for discussion of the term " phage reaction ** 


or from the skin of these different subjects will be independent, since 
the subjects were not members of a limited community through 
which one type of staphylococcus might he expected to have spread. 
One hundred and five strains were typable, 56 were not. 

Miles (1946) has shown that, if it is assumed that the frequencies 
of types in a sample of the sort given in table I are proportional 
frequencies, the probability (p) that two strains drawn at random 
from the population will be of the same typo is given by : 

P = t,( W+MW+‘a(3/ N) 5 • • • etc. 

= i/m2(fi) (i) 

where N is the number of strains in tho sample, l l the number of 
distinct types each having a frequency / of one, f 2 the number with a 
frequency of two, etc., and Z( pi) the summation of (pi) for all values 
of t. In a sample of n double carriers, the number of duplications to 
be expected on a chance basis is np, and the standard deviation of this 
estimate is \/npq, where q = (I— p). When p is small compared 
with 5, the frequencies of chance duplications conform to a Poisson 
distribution, and the standard deviation of np is then y/nju 

Substituting in equation (1) the frequencies of distinct types 
recorded in table I, we have p = 355/11025 = 0*03 ; i.e. the 
probability of chance duplication of types in our observed population 
was 0-03, and since we observed 36 double carriers of typable Staph. 
aureus we would expect duplication to occur by chance 36 x0'03 =1-08 
times. Since p is small compared with 1 — p, the standard deviation 
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of 36 p is V 36 P ~ ±1*04. The observed number of type duplications 
was 31, an excess of 29-92 over the number expected on-a chance 
basis. This excess, being over 20 times the standard deviation of the 
expected number, is highly unlikely to be a chance effect. The 
validity of this deduction is probably obvious from simple inspection 
of the low frequencies of many distinct types in column (2) of table I. 
The calculations have, nevertheless, been displayed in full as an 
example for application to more nearly borderline cases, where the 
distribution of types in the population at large is such that there is a 
higher probability of chance duplications. 

Clearly the typing results, like the serological typing results of 
Gillespie et al., confirm the inference drawn from the study of numerical 
associations : that the skin staphylococci are probably derived from 
the nose. Miles et al. gave reasons for thinking it unlikely that the 
nose strains were derived from the skin. 


Source of skin staphylococci in persons not nasal carriers 

Although there is a high degree of association between the nose 
and skin carriage of Staph, aureus (see Miles et al.), there are a number 
of skin carriers whose noses fail to yield the cocci. It may be that 
in these cases the staphylococci do not represent self-contamination 
from the nose, but, alternatively, that they come from the nose, 
where carriage is intermittent and the coccus was not isolated on the 
day of sampling. If these subjects’ noses were swabbed on other 
days and proved positive, it would be possible to demonstrate a closer 
association of nose and skin carriage. To test this point, the nose 
and wrist of 22 persons were swabbed weekly on eight consecutive 
weeks, giving 176 pairs of nose-skin samples. Staph, aureus was 
isolated from the skin on 82 occasions, and on only 18 of these was 
it found on the skin but not in the nose. These 18 double samples 
came from nine people' whose- carrier history is shown in fig. !• 
Clearly the first two subjects were persistent nasal carriers, and we 
failed to isolate the staphylococci from the skin on one day ; the 
third subject was a somewhat less persistent carrier, but the fact that 
all the nose and skin strains were untypable does suggest that they 
may have belonged to one as yet undetermined type. Of the other 
six, three yielded staphylococci from the nose on at least one occasion . 
in two cases (5 and 6) both nose and skin strains were untypa e, 
while case 4 yielded a variety of types and, except on one day, t ere 
was no evidence for nasal contamination of the skin. The last t -wee 
were never shown, to be nasal carriers and we must presume a 
their skin staphylococci came from somewhere other than their own 
noses. In sum, therefore, six of the nine skin carriers were m er 
mittent nasal carriers, although in three contamination of e 6 
from the nose was not demonstrated unequivocally by identi y o 
phage types. 
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Persistence of Staph aureus on the hand 

In studying the carnage of Staph anieus in the nose, we showed 
that our results were most readily interpreted on the supposition that 
persistent carnage was common The data from the hospital staff 
swabbed over a penod of two months now show' that the same is 



2F NT NT 1/47 NT 

NT 



P IG t — Carrier histories of tho nine subjects who on one or more occasions, yielded 
Staph aurevs from the skin nnd not from the nose Each block refers to one 
pair of weekly swabs The small numbers refer to phago types , NT = untypable 

true of wrist carnage Applying the method desenbed in tho previous 
paper (Miles et al ) to 33 persons sw abbed on si\ consecutive weeks, 
wo obtain tho result shown in table II The average carrier rate is 
52 per cent There is a marked excess in the observed distnbution 
of subjects having 0 or 1 and 5 or 6 positive skin swabs over that 
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which would be expected if carriage was a matter of chance, and the 
probability of carriage in any one person was 52/100 (given by the 
binomial expansion of (0-52-f0-48) 6 ). The value for x 2 , 71-8, gives 
P = <0-001. 

Table II 

Persistence of skin carriage of Staph, aureus 


2To. of •vreeke positive 

No. of subjects 

observed 

expected 

6 

3 

0-65 

a 

10 

3-61 

4 

5 

8-34 

3 

0 

10-20 

2 

4 

7-11 

i 

7 

2-62 

0 

4 

041 

Total 

33 

33-00 


x - = 71-8 ; n = 5 ; P = <0-001. 


A number of strains from persistent carriers have been typed. 
All the strains, isolated at weekly'’ intervals from the skin of five of 
seven carriers swabbed 4-7 times, were identical ; those from the 
sixth were all untypable, while the remaining carrier yielded at least 
three different strains from five samples. Similarly, of six persistent 
nasal carriers swabbed 3-8 times, four showed the same type on all 
occasions, a fifth showed three untypable strains and the sixth one 
discrepant strain out of eight typed. 


Carriage of Staph, aureus on the skin of the body other than the hand 

In assessing the importance of the nose as a source of staphylococci 
in wounds of the hand, we tested the back of the wrist for skin 
carriage as the part of the Band least likely to be contaminated y 
bacteria from objects handled, although, as previous work had 
suggested, readily contaminated from the nose. Tor a full appreeia ion 
of the staphylococcal risk for wounds on other parts of the bo y , 1 
was clearly desirable to estimate also the carriage on areas other 
than the hand, and to find whether, in parts less obviously expose 
to the risk of nasal contamination, the skin carriage of staphy oC °°® 
was still related to nasal carriage. Swabs were therefore taken o 
the nose and from 11 different skin sites, each about 3 cm. in Jametrr 
in 50 male medical students. No fewer than 35 of the 50 car f I 
Staph, aureus on at least one site, though carriage on more an 
sites was relatively rare and only five carried on more than our 
(fig. 2). The different sites and the frequency of carriage on 





Back of wrist 

Volar surface of forearm 

Axilla 

Middle third of sternum 
Middle of abdominal wall 
Jliddlo of inguinal fold 
Middle of front of thigh 
Front of ankle « 

Back, over sacrum 
Back of cheat, middle 
Back of neck . 
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Nineteen (54 per cent.) of the 35 skin carriers were also nasal 
carriers, compared with three of the 15 non-carriers (d — 34 per cent. • 
S.E. d ± 15-4 per cent. ; t = 2-2 ; P = 0-02-0-05). In this study the 
nose swab was cultivated in the same way as the skin swabs and 
closer analysis reveals that 18 of the 22 nasal carriers yielded Staph, 
aureus from the direct plate and that all of these showed Staph, aureus 
on at least one skin site. Of the four nasal carriers jdelding the 
coccus only from the broth subculture, only one was demonstrably 
a skin carrier. Furthermore, skin carriage was more extensive in 
nasal carriers than in non-carriers : the nasal carriers had an average 
of 2-8 skin sites positive, the non-carriers only 1-2 sites. Thus, as 
with wrist carriage, there is a clear indication that skin carriage over 
the whole body is associated with nasal carriage. 

The skin and nose staphylococci from 10 students were tj'ped; 
all except two of the 18 strains isolated from seven of them were 
identical in phage type with the nasal strain from the same man; 
one of four skin strains from one man was untypable and a single 
skin strain from another differed in type from the nasal strain. Of 
two other students, one yielded 10 strains from various parts of his 
body, all of which were lysed by filtrates 6 and 47, while his nasal 
strain was lysed by filtrates 6, 47 and 29 A ; the other, with five sites 
positive, yielded untypable strains from his nose and three skin sites 
and typable strains from two skin sites. One non-nasal carrier with 
eight skin sites positive gave identical staphylococci from seven, the 
eighth being untypable. It is clear that extensively contaminated 
skin usually carried one phage type of staphylococcus, usually identical 
with the strain isolated from the nose. 

The development of bacteriophage typing gives much greater 
precision to this survey than was possible when the previous report 
was written. The evidence now presented fully supports the findings 
of Gillespie et al. as to the importance of self-contamination from the 
nose in the establishment of the skin carrier state. The great frequency 
with which nasal carriers contaminate their skin is also noteworthy. 
Thus among 50 students all but three of the 22 nasal carriers yielde 
Staph, aureus from some area of skin, and the three that did not 
yielded only a scanty growth from the nose ; of the 28 not shown to 
be nasal carriers, only 16 yielded Staph, aureus from the sun. 
Similarly, of 22 members of the hospital staff observed for eig 
weeks, 18 showed staphylococci in the nose on one or more occasions 
and only four of' these never carried staphylococci on the wrist. 


Frequency of shin carriage of Staph, aureus in relation to 
sampling technique 

The carrier rates for the groups so far discussed were obtained y 
sampling about 7-10 sq. cm. of skin. From 28 patients we o 
swab of this sort from the wrist and then swabbed the who e su 
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of the hand with another swab. Six of the 28 wrist swabs and 19 
of the whole hand swabs yielded Staph, aureus ; none of those positive 
by the first method was negative by the second. The same increase 
in the number of positives is shown by a comparison of the rate from 
wrist swabs of 256 subjects — 25-4 per cent. — with that derived from 
100 strictly similar subjects whose whole hand was swabbed, namely 
00 -0 per cent. 

In the same way that the statement “ the average nasal carrier 
rate for Staph, aureus is in the region of GO per cent.” does not give a 
complete picture of the magnitude of the nasal reservoirs of staphylo- 
cocci, since 80-90 per cent, of people are found to bo carriers at some 
time during a 10-week period, so the statement in the previous paper 
(Miles c{ aZ.) that the wrist carrier rate is 10-20 per cent, must be read 
in conjunction with the method adopted for sampling and for culture. 
By tho use of broth enrichment the proportion of demonstrable wrist 
carriers was increased from 10-9 to 25-4 per cent, of 256 cases, and 
by increasing tho area swabbed the proportion was again increased, 
as noted above, from 25 to 50 per cent. Similarly, if the area swabbed 
is increased by sampling a number of small areas distributed over the 
body, tho same rise is apparent : the wrist carrier rate of our 50 
students was 40 per cent., while the total carrier rate, determined 
from 11 skin sites, was 70 per cent. Lastly, if the wrist is sampled 
repeatedly over a number of weeks, the total carrier rate is increased : 
of 22 people swabbed on eight weeks, an average of 10-1 carried on 
any one week, but in the whole period of eight weeks, 18 of the 22 
were carriers. Wo made a very similar observation to this in study- 
ing the persistence of nasal carriage : among 46 people swabbed on 
eight weeks, the average carrier rate on any one week was 63 per cent., 
while the total carrier rate determined over tho eight weeks was 
89 per cent. The same phenomenon has been observed by otlior 
workers studying the carriage, for example, of hsemolytic streptococci, 
meningococci and pneumococci (Straker ct a l., 1939 ; Schwentker 
e( a!., 1943 ; Kuttner and ICrumwiede, 1944 ; Phair and Schoenbach, 
1944). 


Summary and conclusions 

Bacteriophage typing has been used to study the association of 
nose and skin carriage of Staph, aureus. The coccus was isolated from 
the hand and nose of 65 patients ; both strains were typable in 
36 cases and were of tho same type in 31, a proportion considerably 
in excess of that to be expected on a chance basis. 

Data from 22 subjects whose nose and skin were swabbed on 
eight consecutive weeks suggest that some of those people who, when 
tested on one occasion only, yield Staph, aureus from the skin but not 
from the nose are intermittent nasal carriers, and that their skin is 
probably contaminated from the nose. 
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Wrist carriage of Staph, aureus , like nose carriage, may often be 
persistent over a number of weeks and the type carried is usually 
constant. 

Swabs taken from 11 skin sites distributed over the body showed 
70 per cent, of 50 students to be carriers of Staph, aureus on at least 
one site ; carriage on more than two sites was uncommon. Carriage 
on the skin as a whole was associated with nasal carriage, and in the 
majority of cases the skin strains were all of one type and were of 
the same type as the nasal strain. 

A numerical value for the skin carrier rate must always be 
interpreted in relation to the methods of sampling and culture used : 
single wrist swabs cultivated on a solid medium yielded a rate of 
about 11 per cent. ; when broth enrichment was used the rate for 
the same swabs was increased to 25-4 per cent. When the area of 
skin sampled was increased, either by swabbing a greater area of the 
hand or a number of small areas over the body, the rate was increased 
to 56 and 70 per cent, respectively in small numbers of subjects. 
Repeated swabbing of one area increased the total carrier rate from 
46 to 82 per cent, of 22 subjects. 

I am deeply indebted to Professor G. S. Wilson and Mr J. D. Atkinson 
of the Emergency Public Health Laboratory Service, Oxford, for phage-typing 
over 300 strains of staphylococci and for much assistance with the interpretation 
of the results. My thanks are also due to Professor J. I). Shrewsbury and 
Professor H. P. Gilding for their help in obtaining volunteer students, and to 
the volunteers, both among the Birmingham University students and among 
the hospital staff, for submission to the swabbing. 
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THE FREQUENCIES OF BACTERIAL SUB-TYPES 
IN A CARRIER COMMUNITY AND THEIR 
SIGNIFICANCE 

A. A. JIh.es 

From the National Institute Jor Medical Research, Hampstead 

The epidemic spread of a bacteria! species within a community is 
ideally studied by maintaining a close bacteriological watch upon it, 
as by periodic sampling of each member of the community. Except 
in small communities this method is impracticable, and the spread 
is usually inferred from an increase in carrier rate, which may be 
observed as a change in the general carrier rate from one period to 
another or as a local rise in carrier rate compared with that obtaining 
at the same time in the general community. 

The division of species like Str. pyogenes and Str. pneumonia: into 
a number of well defined sub-types has made the study of the epidemic 
spread of such pathogenic bacteria much more precise than had been 
hitherto possible. But care must be taken that the evidence obtained 
from sub-typing in this way is sufficient to bear the weight of the 
inferences drawn from it. Thus the validity of the argument that, 
because two or more strains isolated from different persons or places 
are of the same type, they are likely to be derived from a common 
source or one from another, depends upon the distribution of the 
species or sub-type throughout the environment under study. For 
example, suppose that in a large community 20 per cent, are pneumo- 
coccal carriers and that half of these carry a type II pneumococcus. 
If we then find that 4 of 40 persons in a dormitory are carrying a 
type II pneumococcus, no inference about the local spread of type II 
pneumococci is possible, since the gathering in one place of the four 
carriers of so common a type may be purely fortuitous. On the 
other hand, if a type occurring only once in every hundred carriers 
were to be found in 4 of 40 persons, there is a much smaller 
probability that the occurrence was due to chance. Some measure of 
the probability of such chance occurrence is required. 

The general carrier rate provides an estimate of the probability, 
P, that a certain species is carried in a certain situation. The prob- 
ability of finding it in two such situations sampled at random is p-, 
in three, p z , etc. The same argument applies to sub-types of a species, 
but when the type frequency is known another treatment is possible ; 
the investigation may be limited to persons who are known to be 
Jocas, or r«n.— voi. mi r 269 1 
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carriers of the species and the probability determined that the species 
carried will belong to a given type. 

These procedures are valid only if (a) the occurrence of a carrier 
in a community is assumed to be a chance occurrence and (6) the 
carrier rates and the type distribution of the strains carried are 
estimated from a truly representative sample of the community. 

With regard to (a), chance effects are usually defined as those 
due to a multiplicity of small causes acting independently. In any 
community a bacteriological survey of all the carriers of a species, 
with subsequent determination of the types within the species, will 
yield a frequency distribution of types. That is, by sampling a 
substantial number of the population, we obtain a distribution of 
types which have frequencies of 1, 2, 3, etc., and a number of 
untypable organisms which may be temporarily untypable members 
of known types or as yet undefined new types. The various types 
cannot be said to occur independently in the strict sense of the word 
because each must have been acquired from some other source some- 
time in the lifetime of the animal concerned and some, perhaps, 
immediately before the time of sampling. In a healthy community, 
however, it is probable that the majority have been-" gradually 
distributed as the result of a large number of transferences occurring 
at random over a long period of time, producing a relatively stable 
community of carriers, and the frequencies of the various types will 
depend on their nature and the average reaction to them on the part 
of the carrier host. If this assumption is accepted, then any significant 
increase in the carrier rate for any one type or of a type frequency 
among carriers may be taken as an indication that the strains in 
question have been recently derived from a common source or one 
from another. 

With regard to ( b ) (the reliability of the type distribution as a 
random sample of the community at large), jt is obvious that m 
repeated type surveys the frequencies for each type will vary, though, 
as pneumococcal surveys in health and disease have shown (Finland, 
1936-37 ; 1942), common types often remain common and rare types 
rare. Moreover, with extended surveys, new rare types will probably 
be discovered. A distribution of types found in a limited sample wil 
therefore be to some extent unrepresentative of the true frequency 
of each individual type. It will perhaps be more representative of 1 i® 
general frequency distribution of types (irrespective of their identi }) 
which is likely to change less in repeated surveys, since increases in 
frequency of certain types will be to some extent offset by r decreases 
in frequency of others. As already noted, the distribution will usua } 
contain a number of untypable strains, and with improvemen » 
in typing some may be assigned to known types and others 
newly recognised types. But neither of these considerations n 
affect arguments based on typing performed by 7 standard met io 
throughout a survey. 
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Suppose a representative type distribution is available, based on 
the examination of a large number of strains. It is a finite distribution 
and the frequencies are absolute numbers. In a finite distribution of 
60 types, the probability of occurrence of a type with a frequency 
of one, for oxample, will be 1 /50. But in strict logic we cannot calculate 
the probability of finding this type twice, for it occurs only once in the 
distribution and there is no other similar type with which it can form 
an identical pair. 

We must therefore assume that the frequencies are not absolute 
hut proportional, and that in a distribution of 50 types, a frequency 
of one represents the probability of 1 : 60 = 0-02 ; that if the 
population were again sampled, the given typo would turn up again 
once in 50 isolations. Upon this assumption, the probability that 
2 consecutive strains isolated at random would belong to this type 
is (1 : 50) : = 0-0004. (That is, if we regard the known type dis- 
tribution as a bag containing varying numbers of different coloured 
balls, we are not picking out one ball at random, retaining it and 
comparing it with the next ball picked out ; we are drawing a ball, 
noting its colour, replacing it and reshuffling the bag before the next 
draw.) With the limitations imposed by these assumptions in mind, 
we can estimate as follows the probability of observing a single type 
in one or more persons or sites randomly sampled in the community 
under study. 

We are given a distribution of types of N members of the bacterial 
species, isolated from healthy members of a large community randomly 
selected to avoid high type frequencies dependent on localised carrier 
epidemics, and this is assumed to be a true random sample representing 
the proportional type frequencies in the community at large. 

We wish to calculate the probability of observing a duplication, 
triplication etc., or more generally an m-plication of types in 2, 3, 

. . . m situations sampled at random. 

Let <! be the number of distinct types each having a frequency 
(/) of one, U the number with a frequency of two and so on. The 
probability of observing, say, chance duplication of a type that occurs 
but once in the distribution is {l/N)-, and of any of t 1 types, each with 
a frequency of one, it is t l (l/N)-. With a type having a frequency of 
two it is (2/W) 2 , and if there arc t„ types having this frequency, the 
probability of duplication of any of these types is f 2 (2/W) s . The total 
probability, p, of chance duplication, irrespective of the actual typo 
duplicated, is therefore 

« 1 (l/»T-+f : (2/iV)-+i : ,(:i/rY)-+ . . . etc. 

= ztmr- 

i.e. p = 1!N-Z{pt) (1) 

More generally, the probability (p m ) of a chance m-plication is 
where m is the factor of replication to be considered. 
The formula is dependable when N is reasonably large. 
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If n replications are observed in a sample, the number expected 
on a chance basis will be np, which has a standard deviation 
of \/npq, where q = (1— p). If p is small compared with q, the 
frequencies of chance replications conform to a Poisson distribution 
and the standard deviation is more simply y'np. 

As an example, the accompanying table shows the frequency of 
distribution of 27 typable strains of Sir. pyogenes found by Wright 

Table 


Distribution of frequencies of Griffith's types in 27 typable strains of 
Str. pyogenes isolated' in a surgical ward 



(2) 

t 

<3) 

n 

(4) 

ft 

m - 2 

(5) 

ft 

m — 3 

(6) 

/'< 

m ■= i 

i 

8 

8 

8 

8 

S 

2 

6 

12 

24 

48 

96 

3 

1 

3 

9 

27 

81 

4 

1 

4 

16 

64 

256 

Ef m t 

. 

< 

57 

147 

441 

N . 

• 

27 




N m . 

• 

* 

729 

19683 

531441 

Pm • 

• 

. One in 

12-8 

134 

1205 


(1940) in throat swabs of children on admission to a surgical ward 
and the estimates of p derived from it. Eight types occurred once, 
6 twice, 1 three times and 1 four times. From the values of p m it will 
be seen that the odds against chance duplication, triplication and 
quadruplication of types in the ward are respectively 12 to 1, 133 
to 1 and 1204 to 1. In an earlier paper (Miles, 1 944) these odds were 
given as 23 to 1, 584 to 1 and over 17,000 to 1, and are incorrect, 
being calculated by a method which did not treat the values of/ as 
proportional frequencies. The argument that was advanced about the 
chance quadruplication of Sir. pyogenes types is nevertheless sti 
valid, since the newly calculated odds against it are as high as 


1204 to 1. 

The distribution in the table is incomplete in that untypable strains 
are not entered. Our treatment of the untypable strains will depen 
on the kind of answer we want from the distribution. So far e 
calculations have been based on the probabilities that, if a strain is 
typable, it will belong to a given type. But if we wish to loion 
probability of observing replication of types among all carriers o 
species, then the number of untypable strains must be adde o 
total in the determination of N. With regard to the un Hf 
strains themselves, neither of the two possible extreme assump 10 
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that all are of the same so far undiscovered type or that each represents 
a distinct type, is likely to be true. But sinoo without further 
investigation we have no means of deciding, when a pair of untypable 
strains is found, whether they are identical or not, the only course 
open to us is to assume that they are all identical. The result will 
depend on the proportion of untypable strains in the distribution. 
If it is high, the odds against chance replication is usually lowered. 
Suppose for example that 15 untypable strains were found when the 
27 typable strains in the table were isolated. Considering them as a 
single type, the figures 15, 1, 15 and 225 must be added to columns 
(1), (2), (3) and (4) respectively in the table and the probability of 
chance duplication, including duplication of untypable strains, 
becomes 282/42 a = 1 : 6-2 as against 1 : 12-8 for the typable strains 
alone. That is, by admitting untypable strains, we have in this case 
reduced the odds against chance replication ; and, if our aim is to 
demonstrate epidemiologically significant replications of types, wo 
have made the demonstration more stringent by strengthening the 
indirect statistical evidence against it. 


Finiaud, M. 

Miles, A. A. 
WRicirr, J. , 
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AZOTOLUENE BLADDER TUMOURS IN RATS 

Jau Paul Strombeck 
From the Surgical Clime, Lund , Sueden 

In 193G Otsuka and Nagao reported that they had induced tumours in the 
bladder of rats by per oral administration of 2 3' azotoluene All the 13 
animals which had been fed on the drug for at least 122 days showed papillomas, 
generally appearing multi centncnlly In 7 cases epithelial proliferation was 
observed deep down m the submucosa In the majority of cases the bladder 
epithelium showed metaplasia with marked hyperkeratosis Accordmg to 
Yoshida ( 1 935) 4' amino 2 3' azotoluene also produces, together with hepatomas, 
similar changes m the urinary bladder, though less regularly 

In 1941 43 I mado control tests with azotoluene (synthesised from m tutro* 
toluene and o toluidme) The drug was given os a 20 per cent solution in 
almond oil Each day 0 1 c c was pipetted well down into the pharynx of 
37 white rats receiving a satisfactory diet (casern, rice flour, sugar, araehis oil, 
cod liver oil, yeast, wheat sprouts and salt mixture) After the administration 
of azotoluene for 12G 645 days (av erage 312 days) the mucous membrane of 
the bladder was in alt cases found to be quite normal, without metaplasia or 
epithelial proliferation, the bladders being cut m serial section Otsuka and 
Nagao had used a basic diet of paddj , and it should be remembered that, when 
the Japanese experiments were repeated in Europe with 4' ammo 2 3' azo 
toluene and 4 dimethylarmnoazobenzene (butter yellow), hepatomas were not 
obtained until the animals were put on a rice diet (Fischer Wasels, 1937 , Heep, 
1936 37 , Alaisin ct al , 1939) Some of the laboratory diets commonly used in 
Europe prevented the occurrence of liver tumours, but there was no inhibition 
with the diet of wheat, maize and oats used by Orr (1940) An inhibiting factor 
was demonstrated m liver, yeast and cod liver oil Accordmg to Kensler et al 
(1941) the combination of casern and nboflavme seems to be effectively inhibitory 
A new senes of experiments was started in November 1943 with rats on 
a diet of rice flour to each 98 g of which 2 g of a 10 15 per cent solution of 
azotoluene m araehis oil had been added (table I) A slice of carrot nos also 
given, as a rule, ever} other da} On this mfenor diet 20 animals with an 
initial average weight of 182 g fell to about 56 per cent of tlieir initial weight 
during the experimental penod, which lasted from 75 to 359 days (average 
161 dajs) Epithelial changes m the bladder appeared m 7 of tho 20 animals 
Of these 7 rats, 3 (dead after 103 117 days) showed metaplasia with hyper 
keratosis, 3 (dead after 244 271 days) showed marked papillomatosis together 
with hyperkeratosis, while one (killed after 359 days) showed hyperkeratosis 
and great epithelial proliferation, though without any real formation of 
papillomata Thirteen animals, dead after 75 243 days, showed a normal 
mucous membrane 

The original aim of repeating the Japanese experiments with azotoluene 
was to work out a method of studying tho interesting problem of whether 
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substances that are carcinogenic for the bladder epithelium, act on it through 
the urine or through the blood. For this purpose a simplified method of 
transplanting both ureters to the intestine in rats was worked out in 1942, 
Of about one hundred animals operated upon 18 per cent, survived for more 
than 100 days (maximum 246 days) on a normal diet. The necessity of keeping 
the animals on a nutritively inferior diet in order to obtain bladder tumours 
seemed to invalidate the use of this method for solving the problem in question. 


Table I 

Bladder lesions in rats following the administration of azotohiene 


No. 

Sex , 

Duration of 
experiment in 
flays 

Body weight (g.) 

Hyperkeratosis 

Papillloma 

Stones In 
the bladder 

Initial 

Final 

It. 21 

? 

159 

150 

90 


_ 


It. 22 

$ 

124 

160 

130 

— 

— 

— 

K. 23 

? 

75 

175 

75 

— 


— 

K. 24 

? 

136 

150 

80 

— 


— 

K. 25 

? 

99 

195 

95 

— 


— 

K. 26 

d 

103 

185 

80 

+ 


— 

K. 27 

d 

107 

210 

95 

+ 

— 

+ 

K. 28 

d 

92 

190 

100 

— 

— 

+ 

It. 29 

d 

117 

175 

85 


— 

+ 

It. 30 

d 

93 

145 

80 

— 

— 


It. 31 

$ 

103 

180 

100 

— 

— 


K. 32 

$ 

90 

180 

85 

— 

— 


K. 33 

? 

99 

160 

75 

— 

— 


K. 34 

9 

359 

160 

135 

+ 

— 


K. 35 

9 

255 

180 

138 

+ 

4- 

4* 

It. 36 

d 

243 

215 

120 

— 

— 


K. 37 

d 

244 

235 

125 

+ 

4- 


It. 38 

d 

111 

180 

80 

— 

— 


It. 39 

d 

271 

220 

130 

+ 

4- 

~ 

K. 40 

d 

133 

195 

95 

_ 




Instead, a part of the bladder (about £) was transplanted to the liver m ® 
same experimental animals. About 3 weeks after the transplantation 0 
animals were put on the carcinogenic diet (rice, carrots, azotoluene). 10 
advantage of this method was that it enabled us to study simultaneous Ji* 
one and the same animal, the possible hremntogenous effect (on the a e 
transplant) and the possible urogenous effect (on the rest of the bladder) ( 

II). Eighteen animals survived for 53-232 days after the operation an » 
when killed, been fed on azotoluene for 40-205 days. Nine of the 18 am 
(dead after 40-95 days’ administration of azotoluene) showed metaplasia o 
epithelium of the bladder with hyperkeratosis, while four animals w nc 1 
had azotoluene for 80-205 days showed papilloma formation in adc ition. ^ 
5 of the 18 animals showed a normal bladder mucosa after having ce ” was 
azotoluene for 55-95 days. Thus the frequency of epithelial clBn, ^ o [ uene 
greater in these cases than in the animals which had simply been given mzo * ^ 
with a rice diet. Both groups showed a high frequency of stones in 10 
bladder (70 and 20 per cent, respectively). The higher frequency m 6 j ocfl ; 
submitted to operation may have been due to the predisposing enec 0 ^ jj |em 
incision. Epithelial changes were observed in five cases (in ’ ure0 j, ourtee n 
marked papilloma formation) without concurrent stone forma 10 . n ‘. a{ ; on 0 f 
control animals on a rice diet — no bladder operations, no admun 
azotoluene — showed neither epithelial changes nor stone formation a ^ t ; !(? 
days. Stone formation, therefore, evidently plays no prominen 
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development of the tumours. The portion of the bladder transplanted to the 
liver was still in existence in 16 of the 18 cases. In all of them, the transplant 
showed a vital, well-vascularised bladder wall lined with low transitional 
epithelium and devoid of either metaplasia or papilloma formation. Among 
these 16 animals with a normal transplanted mucosa there were 3 with papilloma 
formation and 0 with hyperkeratosis in the rest of the urinary bladder. From 

Table II 

Experiments in which the administration of azotoluene was preceded by 
transplantation of part of the bladder to the liver 


No. 

Sex 

Duration of experiment 
in days 

Body weight 
(g.) 

Hyper- 

keratosis 

Papilloma 

Stones In 
bladder 

1 

from 

operation 

from 

beginning of 
azotoluene 

administra- 

tion 

Initial 

Final 

134 

9 

148 

112 

180 

90 

+ 


+ 


135 

9 

132 

95 

185 

95 

— 


— 

*F 

136 

9 

82 

55 

ISO 

102 

— 

— 

— 

— 

137 

9 

232 

205 

160 

100 


*F 

— 


138 

<J 

66 

43 

210 

115 



+ 

+ 

139 

3 

105 

82 

265 

130 

— 

— 

— 

+ 

140 

3 

78 

55 

230 

145 

+ 

— 

+ 

+ 

141 

3 

104 

81 

195 

105 

*F 

— 

+ 

+ 

142 

3 

91 

78 

210 

115 


— 

+ 

+ 

143 

3 

121 

108 

245 

110 

+ 

-f 

-F 

4* 

144 

3 

53 

40 

205 

120 

+ 


+ 

+ 

146 

3 

86 

68 

196 

95 

-F 

— 

-F 

+ 

147 

<J 

98 

80 

205 

no 



4- 

-F 

148 

d 

94 

76 

225 

105 



— 

*F 

149 

3 

• 87 

69 

210 

95 

-F 

— 


+ 

150 

3 

104 

95 

210 

100 

+ 

— 

+ 

*F 

151 

d 

73 

64 

210 

100 

+ 

— 

+ 

+ 

152 

d 

88 

79 

185 

95 



+ 

+ 


these results it is evident that the changes in the btadder epithelium which 
occur in rats on a rice diet with administration of azotoluene require direct 
contact between the urine and the mucosa of the urinary bladder for their 
development. With this type of tumour the possibility of a hematogenous 
origin for the changes leading to tumour-formation can be discounted. 

It seems natural to suppose that azotoluene or some of its metabolic products 
are to be found in the urine and from there act directly on the vesical epithelium. 
Investigations pursued in the Medico-chemical Institution here by Docent 
Birger Ekman seem to indicate that azotoluene only occurs in small amounts 
in the urine, where various other substances which are being tested at the 
moment have been observed in considerable amount. 

It would seem probable that both o- and m-toluidine occur in the urine 
provided the animals are on a rice diet. After having been administered for 
about 100 days to animals on a rice diet, these substances also have given 
epithelial changes in the mucous membrane of the bladder, in l/3rd and 2/3rds 
respectively of the rats examined. 

These investigations have been facilitated by grants from Konung Gustaf 
V :s Jubileumsfond and Stiftelsen Therese och Johan Anderssons Minne. 





278 


M. A. SOLTYS 


REFERENCES 

. Verhandl. d. Dtsch. path. Ges., 1937, xxix 
182. ’ 


Fischer-Wasels, B. 

Heep, W. 

Kensler, C. J., Sugiura, K., 
Young, N. F., Halter, C. R., 
Rhoads, C. P. 

Maisin, J., Pourbaix, Y., Cuve- 
iaer, E. 

Orr, J. W 

OtSHKA, I., AND NAGAO, N. . 
Yoshida, T 


Frankf. Z. Pathol., 1936-37, 1, 48. 
Science, 1941, xciii, 308. 


Compt. rend. Soc. biol., 1939, cxxxii, 315. 

This Journal, 1940, 1, 393. 

Gann, 1936, xxx, 561. 

Ibid., 1935; xxix, 295. 


576.8.095.38:576.852.21 

THE INFLUENCE OF CERTAIN ANTAGONISTIC ORGANISMS 
UPON ACID-FAST BACTERIA 

M. A. Soltys 

Institute of Animal Pathology, University of Cambridge 

The treatment of tuberculosis Ruth antagonistic organisms was initiated by 
Cantani (1885), who employed an organism designated “ B. termo ” and reported 
favourable results. Vaudremer (1913) used extracts of Aspergillus fumigatus 
upon a group of tuberculous patients with varying degrees of success. Later 
work on the action of organisms antagonistic to the acid-fast bacilli has been 
recorded by Schiller (1925, 1927), Barglowski (1938), and Zorzoli (1940), while 
the negative effect of penicillin upon the tubercle bacillus has been reported by 
Abraham et al. (1941). 

It has already been shown (Soltys, 1944) that culture filtrates of Aspergillus 
fumigatus (N.C.T.C. no. 367) possess the power of inhibiting the growth in 
artificial culture of both saprophytic and pathogenic mycobacteria. The action 
of certain known antagonistic organisms upon Myco. tuberculosis and Myco. 
phlei has been tested and this paper records the results with Aspergillus fumigatus. 
Culture filtrates of this organism, hereafter referred to as “ aspergillin ’ > T, ' el ' c 
more effective in this respect than cultures of Actinomyces antibiolicus (no. 612 ), 
while completely negative results were obtained with the other organisms used 
Penicillium notatum (no. 4222), Penicillium patulum (no. 1722), Aspergilus 
nigcr (nos. 1161, 1214 and 799), Aspergillus flavus (nos. 3891 and 4596), Tricno- 
derma koeningii (no. 3676), Actinomyces albus (no. 3525) and Bacillus brevis 
(no. 2611), all obtained from the National Collection of Type Cultures. 
organism was grown in various media, Czapek-Dox, Raulin Thom s g uco- 
broth, tryptone broth, and the modified Czapek-Dox described below, wi 
similar results. 

Preparation of aspergillin 

The most suitable medium was found to be a modified Czapek-Pox medium 
of the following composition : — 

Sodium nitrate 3-00 g. 

Potassium di-hydrogen phosphate . • • POO,, 

Potassium chloride . ” 

Magnesium sulphate . ” 

Ferrous sulphate . . . • • • 0-01 „ 
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Tryptone ...... 

Brown sugar . 

Glycerol ...... 

Tap water ...... 

The pH is adjusted to 7*2. 


20-00 g. 

40-00 „ 
50-00 „ 
1000-00 ml. 


Spores from a culture on Sabouraud’s agar were floated on the surface of 
the medium in flasks and incubated at 37° C. A dry mycelium completely 
covers the surface in 2-3 days, and by the 8th- 10th day of incubation has become 
a thick brownish grey felt, the surface of which is not wettable by water. 
Considerable variation in the pH of the medium occurs during growth. During 
the first three days it falls from 7-2 to 3-5, then rises to 7-0 about the ninth 
day, and may, on continued incubation, reach 8-2. Aspergillin may he demon- 
strated in the medium by the 7th day and reaches a maximum concentration 
by the 15th-20th day. Crude attempts to maintain the pH of the medium at 
7-0 by the addition of chalk gave irregular results. After 20 days’ incubation 
cultures were drawn through a Seitz EIv filter, tested for sterility and examined 
without further concentration. 


Examination of inhibitory power 

The inhibitory power of aspergillin was tested upon one strain of Myco. 
phlei no. 54 N.C.T.C., two strains of Myco. tuberculosis (human), “ DT ”, supplied 
by the Ministry of Agriculture Veterinary Laboratory-, Weybridge, and “ IM ”, 
isolated from human sputum, one strain of M. tuberculosis (bovine) T 61 supplied 
by Dr J. Young, Cambridge, and two strains of Myco. tuberculosis (avian) 485 
and 7169 obtained from Weybridge. 

Serial dilutions of aspergillin (1:25, 1 :50, 1 : 100 and 1 : 260) were made 
in 6 per cent, glycerol broth in 2 oz- “ medicine flat ” bottles. These were then 
inoculated with a small amount (1 to 2 mg.) of an actively growing culture of the 
organism to be tested and incubated at 37° C. The growth in each dilution 
was compared with that of a suitable control at intervals up to 4-6 weeks in the 
case of the mammalian tubercle bacilli and after six days with Myco. phlei and 
Myco . tuberculosis (avian). 

Results 

Myco. tuberculosis, human, bovine or avian, was completely inhibited in a 
dilution of 1 : 26 and partially in a dilution of 1 : 50. Myco . phlei was completely 
inhibited by aspergillin in a dilution of 1 : 50 and partially in 1 : 100. 

Each of the strains of the mycobacteria used was suspended in aspergillin 
for 21 days at 37° C., then subcultivated on Dorset’s egg medium, when growth 
occurred normally. However, two highly virulent strains of Myco . tuberculosis, 
“IM” and “ T. 51 ”, subjected to the same procedure and inoculated sub- 
cutaneously in a dose of 0-1 mg. into each of four guinea-pigs, did not cause 
death in six months, while a similar dose of the same strains untreated produced 
fatal tuberculosis in guinea-pigs within six weeks. 

Aspergillin is non-toxic to laboratory animals and is heat-stable ; 5-0 c.c. 
inoculated intravenously into a rabbit and 0-5 c.c. into a mouse every day 
for seven days were not more toxic than the same dose of medium alone. The 
inhibitory power of the fluid was not destroyed by boiling for one hour. 


Discussion 

It has been shown that Aspergillus Jumigatus, N.C.T.C. strain no. 307, the 
most active of several strains tested, produces, in a suitable cultural environ- 
ment, an antibacterial substance “ aspergillin ”, which interferes w-ith the 
growth of both pathogenic and saprophytic mycobacteria. The development 
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of this substance would appear to be dependent to a considerable degree on 
the composition of the medium in wliich the organism is grown, and it is con- 
ceivable that some of those organisms which as yet have given negative results, 
might, under suitable conditions of growth, yield antibiotic substances. 

Four different antibiotic substances produced by Aspergillus fumigatus, 
two of which are, however, closely related chemically, have already been 
described (Oxford and Rais trick, 1942 ; Chain et al., 1943 ; Waksman, Horning 
and Spencer, 1943 ; Menzel, Wintersteiner and Hoogerheide, 1944). Purification 
of the filtrate now described and the isolation of its active principle will be 
required to establish the relationship, if any, between it and the other antibiotics 
produced by Aspergillus fumigatus. Recently, Jennings (1945) has suggested 
that helvolic acid is probably responsible for the antibiotic activity of Asper- 
gillus fumigatus which has been demonstrated by various workers. She found 
that helvolic acid inhibits the growth of the tubercle bacillus (human type), 
partially at a dilution of 1 : 100,000 and completely at 1 : 10,000. 


Summary 

Culture filtrates of Aspergillus fumigatus, N.C.T.C. no. 367, grown on a 
modified Czapek-Dox medium containing 2 per cent, tryptone, 4 per cent, 
brown sugar and 5 per cent, glycerol are antagonistic to the in-vitro growth of 
Myco. tuberculosis (human, bovine and avian types) and Myco. phlei ; the 
filtrates are heat-stable, and non-pathogenic to laboratory animals. 

The author is deeply indebted to Sir C. A. McGaughey, acting director of this 
institute, both for laboratory facilities and for his keen interest in this 
work, to Dr A. Wilson Taylor for his friendly criticism of this paper and to 
Mr M. O. J. McCarthy for the animal inoculations. 
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576 . 8 . 097 . 34 ( Br . abortus ) : 576 . 8 . 077 . 34 
+ 576 . S. 07 7.37 

THE INCIDENCE OF SERA CONTAINING AGGLUTININS FOR 
BR. ABORTUS AMONG SAMPLES SUBMITTED FOR THE 
WASSERMANN REACTION AND THE WIDAL TEST 

M. A. Soltys 

From the Department of Bacteriology and Preventive Medicine, 
University of Manchester 

In this laboratory two sets of observations on this subject have been recorded. 
Between April and October 1927 Harrison and Wilson (1928) examined 998 
Wassermann sera and 42 Widal sera in which there were no agglutinins fop the 
enteric organisms. Between January 1929 and November 1932 Wad© (1933) 
tested 1066 sera negative in the Widal test. 

The object of this note is to record similar observations made on 1392 
Wassermann sera submitted during April, May and June 1945 and on 4925 
Widal-negative sera tested between January 1933 and May 1945, with a view 
to comparing results over a considerable number of years. 

Technique 

The Wassermann sera were diluted with saline and mixed with an equal 
vofumo of Brucella a6orlus suspension so as to give final* serum dilutions of 
1;20, 1 :40, 1 :80 and 1:160. Suspensions were kindly supplied by the 
Standards Laboratory, Oxford. The mixtures were incubated for 18 hours at 
56° C. in a water-bath and the results read against an illuminated dark back- 
ground. When agglutination was observed up to the 1 : 160 dilution the 
serum was re-tested in higher dilutions. Widal sera were tested in dilutions 
from 1 : 40 to 1 : 2560. 


Results with Wassermann sera 

These are summarised in table I. The percentage of reactors (agglutination 
at 1 : 20 or higher) was 3-G. Harrison and Wilson found 5*4 per cent, of reactors 
at a titro of 1 : 10 or higher but at a titre of 1 : 20 or higher their figure was 
3*7. Thus the results of the two series are almost identical and it would appear 
that thero has been no marked change in the incidence of Brucella infection 
among the population in this region during the intervening period. 

The two series were probably sufficiently similar as regards ago and s<*x to 
make the comparison valid. There was no significant difference ns regards age. 
Harrison and Wilson’s series comprised more males than females. They found 
& higher rate of incidence among females which was just statistically significant, 
hut this included reactore at a 1 : 10 dilution. It is not possible to say to what 
extent their X : 10 reactors accounted for their higher female rate. I q the 
present series there was no significant difference in the rates for the two Sexes, 
and the fact that there were twice as many females as males appears to bo 
unimportant. 

The distribution of titres 13 shown in table U. There were a few cases with 
titres which aro unlikely to be met with apart from active infection, but as a 
rulo it was not possible to obtain their histories. In two cases a short history 
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was secured. The one which had a titre of 1 : 640 was complicated by tuber, 
culosis. The other (titre 1 : 2560) was a woman aged 34 years who had aborted. 

Table I 


Age and sex distribution and incidence of “ Wassermann ” sera with an 
agglutinating titre of 1 : 20 or higher for Brucella abortus 


Age In years 

Males 

Females 

Total 

No. 

tested 

No. 

Positive 

Percentage 

positive 

No. 

tested 

!No. 

positive 

Percentage 

positive 

No. 

tested 

No. 

positive 

Pcrcenta;i 

poatlrr 

0-10 

5 

n 


10 

0 


15 

0 


11-20 

30 

BB 

6-6 

115 

2 

1-6 

145 

4 

24 

21-30 

83 

■n 

• » • 

393 

16 

4-0 

476 

16 

34 

31-40 

118 


2-5 

215 

13 

6-0 

333 

16 

4-8 

41-50 

90 

n 

5-5 

84 

2 

2-3 

174 

7 

4-0 

51-60 

65 


l-5‘ 

47 

1 

2-1 

112 

2 

1-8 

61-70 

31 


6-4 

23 

1 

4-3 

54 

3 

5-9 

71 and over 

5 

i 

20-0 

3 

0 


8 

1 

12-5 

Unknown 

14 

0 

... 

61 

2 

3-2 

75 

2 

2'6 

Total 

441 

14 

3-1 

951 

37 

3-9 

1392 

51 

3-6 


Table II 


Titre of agglutinins in routine Wassermann and Widal sera 
reacting with Brucella abortus 





Number of sera showing titres of 


Total 

number 

positive 

Total 

Sera submit ted for 

1:20 

1:40 

1:80 





j 1 : 2560 

negative 

Wassermann . 


15 

7 

1 

6 

2 

B 

0 

1 

51 

; 1341 

Widal 


0 

7 

10 

20 

31 j 

23 

44 

135 

4790 




She was afebrile and it was not possible to determine with any certainty whet ler 
the abortion was due to Brucella infection. The remaining reactions were 
consonant with subolinical infections, a finding which is substantially >n agree 
ment with that of Harrison and Wilson. 


Results with Widal sera 

These sera contained no agglutinins for the following Salmonella organisms^ 
typhosum, paratyphosum A, B and C, lyphi murium and enteritidis. The re- 
are set out in table IU. . . r QT 

Over the whole period of about 12J years the sera with agglutmi 113 ^,^ 
Brucella abortus at a titre of 1 : 20 or higher amounted to 2-8 per cen • 
figure ranged between 0-9 and 6-3 per cent, in different years but in on y^ ^ 
years did it exceed 3 per cent. There was no significant difference e v,fc .^ t 
sexes, though the number of males was slightly higher. The grea ^ 
of reactors were over 15 years of age ; only 0-24 per cent.were un er ■> ^ 
The distribution of titres (table H) was quite different from ^ QU ] ( j 
Wassermann sera. Nearly all titres were at the higher dilutions, w cases 
suggest active clinical infection. Some of these sera were sen r _ QV ; oU =|y 
suspected of Brucella infection but the great majority were from p 
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undiagnosed cases The inference is that there is stiU a considerable number 
of cases of febrile illness ■which are detected because o suspension of Brucella 
abortus is customarily included with routine Widal tests The number of case3 
thus detected justifies the continuance of this practice It is not, however, 
permissible to deduce from these results anything about the actual incidence 
of the disease in the population 


Tablf m 


Number of “ Widal ” sera which agglutinated Brucella abortus at a hire 
of 1 20 or higher for each of the years 1933 1945 


3. ear 

"No of sera 
examined 

No positive 

Percentage 

positive 

No under 

35 years 

1933 

390 

10* 

2 5 

0 

1934 

353 

3 

0 9 

0 

1935 

342 

10 

2 9 

0 » 

1936 

385 

10 

2 5 

0 

1937 

429 

12 

2 6 

1 

1938 

446 

19 

4 3 

1 

1939 

539 

10 

1 8 

1 

1940 

743 

10 

1 3 

3 

1941 

551 

12 

2 1 

1 

1942 

280 

18 

6 3 

2 

1943 

255 

12 

4 8 

1 

1944 

113 

7 

3 2 

2 

1945 (Maj) 

83 

o 

2 4 

0 

| 


135f 

2 8 

12 


• Age and sex of one unknown 
t 71 males 63 females 


Wade’s senes, which immediately preceded the present series, gave a 
similar result Over a period of four years 1066 sera were tested of which 28 were 
positrv e (2 6 per cent ) Dilutions from 1 40 were tested but the reacting sera 
had high titres, 14 of 1 2560, 10 of 1 1280, 3 of 1 640 and 1 of 1 320 In 
the much smaller senes of Harrison and Wilson 11 of 42 sera reacted at 1 10 
or higher, 5 of them at 1 160 to 1 1280 


Summary 

In the three series of observations from tins laboratory covering the years 
from 1927 to 1945, the investigation of Wossermann sera for Brucella agglutinins 
revealed about 3 6 to 3 7 per cent of positives at a dilution of 1 20 or higher 
The majority of these had titres which suggest sub clinical infection but a few 
had high titres such as are rarely seen apart from active disease The incidence 
has not changed during the period of eighteen years covered bj the two sots 
of observations 

Widal sera which con tamed no agglutinins for enteric organisms yielded a 
varying percentage of reactors from year to year, which ranged between 0 9 
and C 3 The average for 1929 32 was 2 6 per cent , for 1933 45 2 8 per cent 
The majority of reacting sera had titres which suggested active infection It 
would appear that there has been no marked change m the incidence of Brucella 
infections in this area during the sixteen j ears covered bj the observations 
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616 . 1 1 — 006 . i : 616 — 053 . 4 
AN JNTRAPERICARDIAL TERATOMA IN AN INFANT 
R. A. Willis 

From the Pathology department, Alfred, Hospital, Melbourne; 
and the Royal College of Surgeons of England, London 

(Plates XXXV and XXXVI) 

Case report 

History. D. W., a male infant 10 weeks old, was admitted to the Alfred 
Hospital, Melbourne, in October 1942 with a history of choking, difficulty of 
swallowing and loss of weight for two weeks. He weighed 6 lb. 13 oz. at birth 
and had had a poor appetite since birth. The only other child was a girl aged 3 
who had congenital deafness. Examination showed an ill-nourished infant with 
a large area dull to percussion over almost the whole anterior aspect of the 
chest, and radiograms showed a greatly enlarged pericardial shadow with both 
lungs compressed behind it. Clear yellow fluid was obtained by puncture of 
the pericardium, and many ounces were drawn off by repeated aspiration 
during ensuing weeks, with reduction in size of the X-ray shadow and improve- 
ment in the child’s condition. The fluid contained only a few red corpuscles 
and lymphocytes, was sterile on culture and injection into a guinea-pig failed 
to produce tuberculosis. The electro-cardiogram was normal ; repeated 
Wassermann tests were negative- He gradually gained weight and strength, 
was able to sit up in bed and play, actively without distress and was allowed 
to return home. He was readmitted in April 1943 with return of the former 
symptoms and radiograms showed great re-accumulation of the pericardial 
fluid, 6 oz. of which were aspirated with relief of symptoms. On 13th Nay 
the child, who had shown no previous signs of distress, died suddenly while being 
washed. 

Necropsy showed a rather thin child with distension of the thorax an 
abdomen due to great enlargement of the pericardial cavity, which measured 
12 cm. in transverse diameter and had compressed the lungs posteriorly agams 
the chest wall. No abnormalities were found in any thoracic or abdomina 
organs other than the heart and lungs. 

When the thin parietal pericardium was opened, many ounces of c ear 
yellow fluid escaped and a well defined ovoid lobulated cystic 
8-5 X 6-5X6 cm., was seen projecting from the right side of the base 0 
heart. The heart was displaced to the left and rotated so that, viewed ro 
the front, only the right ventricle was visible (fig. 1)- The right atrium w 
compressed behind the upper half of the tumour, to which it adhered s '8 1 ^ 
by easily separable secondary adhesions. The attachment proper of the tum ° 
was by a pedicle 2 cm. in diameter uniting it to the right and posterior asp 
of the ascending part of the aortic arch and to the tissues of the atrio-ven 
sulcus to the right of the roots of the aorta and pulmonary artery. 19 f t j, 0 
supply of the tumour consisted of several small vessels coming from t to so ^ 
adventitia of the aorta and distributed mainly over the anterior aspec 
tumour. Careful dissection failed to show any branches to the tumo 

the contiguous right coronary artery. , vertical 

After fixation, the anterior part of the tumour was sliced oil } 5 cm- 
frontal cut, showing it to consist of a collection of cysts measuring UP , er j or 
in diameter and containing gelatinous fluid (fig. 2). Windows cut in 1 
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Plate XXXV 


InTRAFEIUCARDIAL TERATOMA 



Fio 1 — Photograph of the teratoma (T) and heart (H) after refloxion of the parietal 
pericardium A = aorta, P = pulmonary nrtorj , L = lung9 
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Plate XXXVI 


Ikthatepicajidial teratoma 



I*i c 2 —Tho front portion of tho tumour has been sliced off and tho pericardium has been trimmed 
in\aj to display the compressed lungs Isoto tho close fusion of tho wall of the tumour with 
tho aorta 
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■walls of the aorta and pulmonary artery revealed the following features The 
wall of the aorta was pushed inwards by the growth, so that a horizontal cross 
section of its lumen was semicircular The indented part of the aortic wall was 
thinner than elsewhere (0 9 instead of 2 mm ) and the thinned wall adhered closely 
to the wall of the uppermost cyst of the tumour, so that together they formed 
a partition only 1 mm thick separating the aortic lumen from the cyst cavity 
The aortic cusps were normal The pulmonary artery was much enlarged, 
both in calibre and in the thickness of its wall, its mternal diameter being 
1 cm and its wall 2 mm thick The pulmonary orifice and cusps were normal 
and there was no patency of the ductus arteriosus The wall of the right 
ventricle was abnormally thick 

Histological examination The anterior sliced off part of the tumour was 
cut into 20 blocks, from all of which micro sections were prepared Most of 
the cysts wero lined by ciliated pseudo stratified respiratory epithelium , others 
were lined by gastric mucosa with typical gastric glands containing distinct 
parietal and chief cells (fig 3) A few cysts were lined bj simple goblet celled 
epithelium of intestinal type Small scattered areas of pancreatic tissue with 
islets of Langerhans were present (fig 4) Mucous and mixed glands accompanied 
some of the respiratory cysts and there were a few foci of typical salivary 
gland /issue with ducts Stratified squamous epithelium was scanty, it was 
always in continuity with respiratory epithelium and nowhere did it show 
epidermal characters Neuroglial /issue, devoid of nerve cells, formed small 
scattered patches or long strips m the cyst walls, and there were a few small 
groups of slightly pigmented nerve cells like those of the sympathetic ganglia 
Striated skeletal muscle fibres were plentiful around the periphery of the tumour 
Small nodules of cartilage and occasional tiny foci of bone with Jicemopoietic 
marrow were present, the former usually close to respiratory cysts Non striated 
muscle was abundant, arranged around respiratory cysts or forming a muscularis 
mucosas to gastric cysts 

Comment 

The tumour is a benign congenital polycystio teratoma, containing many 
varieties of tissue, the most plentiful of which is respiratory tract tissue It 
had arisen in close connection with the root of the aorta and had growm mto 
the pericardial cavity 

I have been able to discover only four previous records of mtrapericardial 
teratoma Joel (1890) described a cystic teratoma the size of a hen’s egg 
attached to the adventitia of the pulmonary artery in a boy of 14 Grimm 
(1927) briefly reported a large polycvstic teratoma which enveloped the heart 
and was attached to the adventitia of the great vessels m an infant of 3 montlis 
Jellen and Fisher (193C) saw a polycystic teratoma 5 cm in diameter attached 
to the aorta and base of the heart in an infant 4 weeks old Gebauer (1942 43) 
surgically removed a large mtrapericardial teratoma from a girl aged 10 years , 
its close attachment to the root of the aorta led to surgical injury of this vessel 
and fatal haemorrhage 

In all 5 cases the position of the tumour was closely alike, the main attach 
ment bemg near the root of the great vessels, especially the aorta This suggests 
that mtrapericardial teratoma is only a peculiarly situated variety of mediastinal 
teratoma, a tumour situated most often in the upper part of the anterior 
mediastinum, i e at a level nearly corresponding to that of the base of tho 
heart Whether a tumour arising in this region shall assume an anterior 
mediastinal or an mtrapericardial position may depend only on the direction 
m which its mam growth takes place Closer study of the primary attachments 
and blood supply of the anterior mediastinal teratomas is desirable It may 
bo that a restricted area around the root of the great vessels, corresponding to 
the usual attacliment of the mtrapericardial variety, is the primary nidus of 
all tho teratomas of this region 

■iotas or path — vol rvm tr 
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All o reported intrapericardial teratomas have been in infants or young 
children and there is no doubt that they were all already well advanced at birth. 
Mediastinal teratomas, however, often do not produce symptoms until adult 
life. This difference is not surprising, since a tumour closely adherent to the 
great vessels and occupying the pericardium along with the heart might bo 
expected to produce serious results earlier than one growing in the anterior 
mediastinum. Added to the embarrassment caused by the tumour itself, there 
might also be that of a large pericardial effusion, as in the present case. 

The hypertrophied state of the pulmonary artery and right ventricle in the 
present case is of interest. Since no cardiac malformation or patent ductus 
arteriosus was present, this must be attributed to obstruction of the pulmonary 
circulation due to long-standing compression of the lungs by the large peri- 
cardial effusion. The infant’s death presumably resulted from sudden cardiac 
failure in some way related to the displacement of the heart by the tumour, 
the pericardial effusion and the pulmonary compression and circulator}' 
obstruction. 


Summary 

A large intrapericardial teratoma attached to the aortic trunk in an infant 
is described ; form other reported cases are referred to. 

For the clinical notes of the case I am indebted to Dr Laurence Stokes of 
the Alfred Hospital, Melbourne. The photographs were made by my wife and 
the photomicrographs by Mr F. Watson. 
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SARCOMA OF THE DIAPHRAGM WITH AN 
INTRA-AORTIC METASTASIS 

A. W. Bbanwood and A. J. Glazebeook 

From the Departments of Pathology and Clinical Medicine, 
University of Edinburgh 

(Plates XXXVH-XXXIX) 

Case eepoet 
Clinical history 

A man aged 42 was admitted to hospital complaining of pain in 
hypochondrium, right shoulder and back of the neck. Three 5 ’ ea ” . ^. orr ied 
had developed a cough which was not productive of sputum bu w ^ 0 f 
Um a good deal, and he was discharged from the Army vn 8 shown 
chronic bronchitis, although no evidence of any bronchial affec 10 
on X-ray examination. 



JOURNAL OF PATHOLOG1 — Voi> LVI1I 


Plate XXXVII 


SARCOMA OF DIAPHRAGM 



Tio 1 — Vortical (anteroposterior) section of liver and diaphragm This shows the 
diapliragm grossly thickened by tumour, which has extended downwards over the 
anterior surface of the liver and has undergone central necrosis and cavitation 
Tlie tumour 1ms compressed but not invaded the liver 
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Four months before admission he noticed a dull, aching pain in the right 
hypochondrium The pain was constant, did not radiate, was aggravated by 
coughing and had not changed its character since its onset 

Tlireo months before admission he developed an additional, less constant 
pain in the region of the cervical spine This sometimes radiated to the right 
shoulder and was burning in character Recently he had noticed a little 
breathlessness on exertion, and there had, he thought, been some slight loss of 
weight 

On examination the patient was pale but well nourished Early clubbing 
of the fingers was present There was a fulness in the right hypochrondnum 
and palpation revealed a firm mass which mo; ed on respiration and seemed 
to be m contiguity with the liver Dull to percussion, its lower limits could 
not be clearly defined, the mass falling away from the abdominal wall about 
four inches below the costal margin It was tender and some muscular rigidity 
prevented closer examination 

The most outstanding physical sign noted m the chest was diminished 
movement at the right base, w ith poor air entry as compared with the left base 
There were also a few moist rales on inspiration No other clinical evidence of 
lung disease was elicited, and the other systems were normal on physical 
examination 

X ray examination of the lungs showed rounded opacities at both bases, 
the appearances being those of metastases Renal carcinoma was suggested 
Blood examination showed Hb 75 per cent , red cells 4 million, and white 
cells 14,200, of which 68 per cent were polymorphonuclears, 28 per cent 
lymphocytes and 4 per cent monocytes 

Course 

The pains of which the patient complained did not alter in character, but 
became very severe and were only slightly relieved by morphia Bouts of 
low grade temperature were observed It was thought that the mass m the 
right hypochondrium was due to secondary involvement of the liver and 
unsuccessful attempts were made to find the primary growth A pleural 
effusion developed on the right side Haemorrhagic fluid which was aspirated 
was found to contain large polyhedral undifferentiated cells These were 
regarded as probably endothelial in origin 

A little later the patient’s cough became more productive, and he began 
to produce blood stained sputum One such sample contained fragments of 
white tissue This tissue was found on examination to be composed of a mass 
of densely packed, round, neoplastic cells, showing an occasional mitotic figure 
The colls were somewhat degenerated and the features suggested an un 
differentiated carcinoma or round cell sarcoma 

Five weeks after admission to hospital the patient suddenly collapsed and 
die$l 

Post mortem findings 

The liver (fig 1) was enlarged and weighed 3010 g Over its right anterior 
surface was a large cystic swelling which had compressed but not invaded the 
liver tissue The cystic swelling was attached to the peritoneum of the lateral 
abdominal wall On further dissection it was found that the cystic swelling 
was adherent to the right dome of the diaphragm, which was thickened, and in 
turn very adherent to the eighth and ninth nbs in the mid axillary line 

On section there was a large fleshy mass growing from the diaphragm The 
mass extended posteriorly (infiltrating the muscle), laterally (involving the ribs) 
*md downwards and anteriorly over the right lobe of the liver Part of it had 
undergone central necrosis, with formation of the cyst previously mentioned, 
which contained blood and necrotic debris 
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Numerous -white or cream coloured nodules of secondary growth were 
scattered throughout both lungs ; one of these nodules was in dose proximity 
to a small bronchus. A soft fleshy tumour nodule was adherent to a coil of 
jejunum. 

There was little of interest elsewhere, except in the cardiovascular system, 
where a pedunculated nodule about the size of a pea was found growing from 
near the commencement of the root of the aorta into the lumen. The base of 
the nodule was related to two small plaques of atheroma : on section it contained 
soft pultaceous material. The media and adventitia underlying the nodulo 
appeared healthy. 

No other metastases were found, and the lymphatic system was not involved. 


Histology 

Sections of the primary tumour stained with haamatoxylin and eosin 
presented a very cellular and pleomorphic appearance (fig. 2). Small round 
and spheroidal cells predominated, others were larger, while some were spindle- 
shaped and arranged in whorls. Many multinucleated giant cells were present 
and many of the cells showed various phases of mitosis. The stroma was very 
scanty : muscle fibres from the diaphragm were present in one section. Sections 
stained with phosphotungstic aeid-hasmatoxylin did not show any striations 
and sections stained with iron hsematoxylin failed to show any of the so-called 
spider-cells. In the absence of these differentiating features to support a 
diagnosis of myosarcoma, the non-committal diagnosis of mixed cell sarcoma 
was made. 

In sections of lung similar tumour tissue was found (fig. 3). It was seen 
invading the bronchial wall and tumour cells were present in the lumen of the 
bronchus (fig. 3). Another part of the section showed tumour cells in the 
lumen of a blood vessel (fig. 4). 

The aortic nodule (fig. 5) was found to be related to a small patch of thrombus 
on an atheromatous intimal plaque. It contained cells similar to those of the 
primary growth, some of them showing mitosis. The media and adventitia were 
healthy. 

Diagnosis 

Mixed cell sarcoma of the diaphragm with metastasis to the lungs, abdomen 
and intima of the aorta. 


Discussion 

The correct diagnosis of this case was not made during life, probnblj 
because a primary diaphragmatic tumour was not considered. M hen 
history is reviewed in the light of the post-mortem findings it is felt thn i 
does afford an indication of the diagnosis. . . 

The man suddenly developed a persistent cough, bad enough for him o ^ 
discharged from the army, but without any clinical or radiological evidence o 
a lung lesion to explain it. Such a chronic, non-productive cough is, of c our “ ’ 
very suggestive of a bronchial carcinoma. The pain of which he comp 
however, had the typical distribution of diaphragmatic pain. Later, w^ 
secondaries had developed in the lung, they were distributed equa } , a3 

basal region of both sides, yet the physical sign of diminished movemen ^ 
only present on the right side. Some slight distortion of the right dome o ^ 
diaphragm had been noticed on the X-ray film, but this was not thoug i 
outwith normal limits and the clue thus presented was not followed up. ^ 

Pathologically the case is of interest for several reasons. 1- Th® S1 0 enerS i 
tumour is unusual. It appears to arise from the diaphragm and j® ' 
characters of the cells suggest a myomatous origin, though no positiv e i- 0 
evidence of this could be found. 
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Plate XXXVIII 


Sarcoma, of mAruuvosi 



Fig. 3. — Microscopic appenrunco of the primary tumour, which is very 
cellular and pleomorphic. X 320. 



Fin. 3. — Tumour cells (right) in lumen of bronchus, x 50. 
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Pute XXXIX 


Sarcoma of diaphragm 



j ip 4 — -Nodule of tumour ntuiinn* ia of a blood 

vcssol m the lung X 75 



Fxa 5 — Low pow cr \ iow of the aorta, allowing tho mtima mv aded by tumour 
m relation to an atheromatous plaquo X GO 
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2. Daring life, tumour cells were recovered from the sputum. These had a 
close resemblance to those of the primary growth, and, post mortem, there was 
bronchial invasion, with similar cells in the lumen. 

3. Metastasis was present in the aorta. It seems not unlikely that tumour 
cells in the blood stream were enmeshed by the small plaque of atheroma present 
and there continued to grow. 

We wish to thank Professor Murray Lyon for his permission to publish this 
case report. We also wish to thank Professor A. M. Drennan and Professor 
D. F. Cappell for their help in the compilation of this paper. We are indebted 
to Mr T. C. Dodds for the illustrations. 
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DISSECTING ANEURYSM OF THE AORTA ASSOCIATED WITH 
INTRACRANIAL ANEURYSM AND CEREBRAL HAEMORRHAGE 

E. Gardner, Pathologist to the Surrey Coroners, and 
S. W. Hardwick, West Park Hospital, Epsom 

The case described is worthy of record oven if the conditions found were 
merely coincidental. Certain considerations, however, suggest that they were 
related. 

Case history 

W. H., aged 69, died at 2 o.m. on 10.11.42. The wife’s statement was 
“ . . . I have been married 46 years. My husband was a platelayer on the 
railway and has enjoyed fairly good health except that he occasionally suffered 
from stomach trouble due to a rupture he sustained at work. He has not had 
a doctor to see him since 1918 when he had pneumonia during the ’flu epidemic. 
He stopped working on the railway four years ago owing to his age. Ho still 
pottered about the garden and did odd jobs about the house. On Thursday 
Gth November he complained about his stomach and back and I thought he 
had a touch of ’flu. He went to bed early, about 8 p.m. Ho stopped in bed 
on Friday but got up on Saturday and appeared to be better. He also got up 
on Sunday and Monday. On Monday evening he had some milk sops and 
went to bed about 9.30 p.m. He appeared to be all right and in his usual 
spirits. I followed him to bed about 10 p.m. About 1.50 a.m. ho got up out of 
bed and said ho was going to the lavatory at the end of the landing. A few 
minutes later I heard a groan and found him lying on the floor of the lavatory. 
He appeared to be dead. A doctor who was called immediately found that he 
was dead ” . . 

Post-mortem findings 

Autopsy was performed 60 hours after death. A thick-set fat man with a 
huge left scrotal hernia. 

Cranial cavity. Brain 46 oz. Dura mater thickened, pia mater slightly 
opaque but about normal for his age. There was some bulging of the commence- 
ment of the right anterior cerebral artery and slight aneurysmal dilation at its 
junction with the anterior communicating artery. On the left middle cerebral 
artery near its origin there was a large dumb-bell shaped or bilobed aneurysm. 
The larger sac was about I cm., the smaller about 0-5 cm. in diameter. Other- 
wise, apart from a few small atheromatous patches, the cerebral arteries 
oppeared healthy. 

Jovsjr. or path.— vol. lvui u 2 
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On section of the cerebrum a recent hemorrhage appro xima tely li inches 
in diameter was discovered in the typical claustro-putamen region on the left 
side. Despite careful search it was not possible to demonstrate that the hoemor- 
rhage had arisen from the rupture of an aneurysmal condition of a neighbouring 
artery ( cf . Globus, 1943). 

Thoracic cavity. There was a considerable degree of hypertrophy and 
dilation of the left ventricle of the heart. The valves appeared normal. The 
coronary arteries were patent, wide and thick walled ; atheroma negligible. 
The first part of the aorta was dilated. A T-shaped split was found in the 
intima, the long arm commencing at a point between the left common carotid 
and subclavian arteries and running to the left for a distance of 2 inches, while 
the smaller tear, about 1 inch long, was situated at right angles to it. A large 
dissecting aneurysm extended from the base of the heart to the commencement 
of the common iliac arteries. The sac was largest over the region of the arch 
and there was a considerable quantity of blood between the layers from the 
base of the heart to the termination of the arch. In the descending aorta the 
intima was stripped from the other layers and lay loose in the lumen. 
Approximately half the circumference of this part of the aorta had been dissected, 
the remaining half being intact ; no clot was seen. There was a little blood 
clot external to the stripped intima at the commencement of the right common 
carotid artery, and to a lesser extent in the left common iliac artery and around 
the bifurcation. There was slight, almost negligible atheroma of the aorta. 

The left pleural cavity was full of blood clot which weighed 3 lb., the 
secondary rupture of the aorta having occurred in the neighbourhood of the root 
of the left lung. The left lung was collapsed ; the right, which showed basal 
congestion and apical oedema, was tough and emphysematous. 

Abdominal cavity. Stomach empty. No scars in stomach or duodenum. 
The liver showed slight chronic venous congestion. No gross abnormality of 
spleen, kidneys, urinary bladder or prostate. 


Microscopic findings 

Section through the primary tear in the aorta showed that the main mass 
of blood lay between the adventitia and the media. Immediately opposite the 
tear the media was also infiltrated by blood cells and its outer portion was 
considerably disorganised. No muscular “ fault ” was seen and the elastic 
pattern was well defined. There was considerable fibroblastic activity in the 
adventitia, probably explained by the infiltration of red cells. The intima 
appeared normal. Section through the intracranial aneurysm showed that the 
wall of the sac was composed entirely of poorly cellular fibrous tissue. Tho 
vessel from which the aneurysm arose showed normal muscle and elastic tissue, 
but there was a considerable degree of atheromatous degeneration, whie , 
however, did not seem to extend into the aneurysm. Mucicarmine staining 
showed small quantities of mucin in the media of the aorta but none in tho e 
middle cerebral artery. 

Discussion 

It is probable that the primary or internal tear in the aorta occurred on 
5th November, and that the symptoms at that time were caused by the 
mural haemorrhage. The subsequent general improvement in the p a ,cr ’ _ 
condition is quite consistent with dissection, and the sudden death correspon^ 
with the massive haemorrhage into the pleural cavity from the secon arj 

external tear. . eur ysm- 

Cerebral aneurysm is an uncommon concomitant in dissecting rjQy.OS) 
As far as we are aware only one other case has been reported. Beadles ( ^ 

quotes Hutchinson’s l ' well known case ” of an aneurysmal tumour o 
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internal carotid orterj, diagnosed during life (a bruit was heard over the skull), 
in which death was due to a dissecting aneurysm of the abdominal aorta It is 
the only occasion on which it has been noted by one of us (E G ) m a consecutive 
series of over 100 cases of dissecting aneurysm 

It is unlikely that the recent cerebral hemorrhage was fortuitous The 
pathological changes suggested that the cerebral bleeding commenced at the 
time of the aortic dissection and that a sudden rise m blood pressure in a 
hypertensive subject was the immediate exciting cause of both lesions 

In the attempt to find a predisposing cause to explain the apparently 
unrelated lesions, cerebral aneurysm and dissecting aneurysm, ve must admit 
the argument to be speculative In a patient aged 09 atherosclerosis would bo 
the first consideration The dilation of the right anterior cerebral artery and 
the atheromatous patch immediately adjacent to the wall of the cerebral 
aneurysm indicate degenerative changes Some authorities stress the occurrence 
of focal arteriosclerosis confined to the region of intracranial aneurysms (Schmidt, 
1930 31 , Strauss ct al , 1932) Others argue that arteriosclerosis even when 
present is not necessarily the primary cause, and deny that mtimal changes 
if present maj be secondarj to a woakoned media ( vide infra) Moreover, it 
has been pointed out that the aneurysmal wall may show obvious arteriosclerotic 
changes whilst the rest of the cerebral vessels are quite free microscopically 
(Mitchell and Angrist, 1943) In our case the aorta was remarkably free from 
atheroma and the cerebral v easels were onlj slightly affected That atheroma 
may be a factor in dissection is undisputed, the dissecting process commencing 
at or near the edge of a rigid plaque and not usually tlirough the base of the 
ulcer (Shennan, 1934 , Logue, 1943), but even here the trend of opinion is 
that medial degenerative changes ore more fundamental 

Embolism needs consideration, since mycotic aneurysms are a distinct 
entity, though aortic dissection is rarely attributable to this cause Endocarditis 
was not present, nor was there any supporting clinical or pathological evidence 
of embolism 

Syphilis was unlikely, since this disease plays little or no part in either 
condition Moreov er syphilitic aortitis was absent 

It has been postulated that frequently a patchy degeneration of the tunica 
media is the most important determining factor in dissecting aneurysm Gsell 
(1928), Erdheim (1930), Celhna (1931), Shennan (1934) and others have made 
notable contributions to our knowledge Jtottino s recent detailed study of 12 
cases (1939) confirms G sell’s contention that the lesions occur m the ascending 
aorta and arch He states that they may progress by stages from simple muscle 
loss to ev entual cjst formation ^The 'etiology of these non inflammatory lesions 
is obscure Toxins and epinephrine are amongst the agents which have been 
incriminated (Sailer, 1942) Leary and Weiss (1940) have produced medio 
necrosis m rabbits by massive doses of vitamin D or by repeated dosage with 
epinephrine Dissection maj occur with epinephrine but not with vitamin D, 
possibly because of the severe paroxysmal hypertension associated with it 
The same authors describe the induction of atherosclerosis in a rabbit by 
cholesterol feeding , the cholesterol was stopped and some time later the animal 
died suddenly from a dissecting aneurysm 

Li intracranial aneurysms local defects of the middle coat occurring at tho 
an £l 6 °f branching of certain cerebral vessels have been described (Turnbull, 
1914 15, Forbus, 1930, Bremner, 1943) However, developmental faults 
occur frequently without sign of aneurysm, and a further unknown factor, 
possibly toxic or metabolic ”, has been incriminated (Richardson and Hyland, 
1941) Although the latter is conjectural, a cose has been reported m which 
an acute inflammatory reaction was found in the neck of the aneurjsm (Mitchell 
and Angrist) Other authorities discredit medial developmental defects, while 
lynn (1940) stresses the importance of the peculiar distribution of elastic tissue 
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Examination of the specimen after removal revealed a firm adhesion to the 
bladder wall over a rounded area approximately 2 inches in diameter. In the 
centre of this area there were small rounded red excrescences on the muco--.it 
surface. A section through the growth demonstrated that it was a multilocular 
cystic tumour resembling those found in the ovary (fig. 1). It appeared to he 
completely encapsulated except at its attachment to the bladder wall, where 
it seemed to invade the mucosa. 


Microscopic appearance 

A section of the bladder adjacent to the area of apparent neoplastic invasion 
shows that the usual stratified transitional epithelium is replaced by mucus- 
secreting cells (fig. 2) . For a short distance the stratified epithelium is interrupted 
at irregular intervals by isolated mucus-secreting tubular glands. Beyond 
this the mucosa rises up in the form of a slender papilla covered by stratified 
transitional epithelium except on the lower part of the distal side, where it 
becomes thinned to a single layer of flattened cells and then there is a complete 
and abrupt change to mucus-secreting epithelium. This dips down in the 
form of tubular glands ending in follicles in which the epithelium shows a 
tendency to form papillae. In this way it forms the whole mucosal surface of 
the area of apparent invasion. The glands open freely on the surface and there 
is no evidence of obstruction at this level. The surface epithelium is desquamated 
in a few places and there is diffuse infiltration with lymphocytes and plasma 
cells of the stroma surrounding the glands. 

Deep to this mucous membrane a cystadenoma has formed, the cysts of 
which are filled with mucoid material and some are lined by clear columnar cells 
similar to those in the superficial glands. In others the epithelium is of low- 
grade type, consisting of flattened cells. For the most part the epithelium has 
undergone degenerative changes and much of it has been shed. The resulting 
appearance is suggestive of mucoid carcinoma, but the stroma is healthy, the 
cystic spaces are of comparatively regular shape and there are no signs of actne 
proliferation of the epithelial cells. 

In the deepest part of some of the superficial glands ulceration has occurred 
with formation of granulation tissue. This has led to obstruction and the 
expansion of the distal portions into small cysts with mucoid contents an 
flattened epithelium (fig. 3). Similar cysts are seen in close proximity to t e 
tubules in all parts of the glandular mucosa, but there is no sign of infiltration 
of the mucosa by the cystadenoma. The remainder of the tumour is comp cte^ 
encapsulated and there is no evidence of extension outside the limits o 
capsule. 


Commentary 

Adenomata of the urinary bladder are most commonly found around ih^ 
trigone and neck and are usually described as small, fiat or pedunculate ® 
projecting into the bladder cavity. They are said to he related to tbe ®on i ^ 
known as cystitis cystica (Cahen, 1888 ; Bayer, 1909). Wilson (1 ' £ 
comprehensive survey of cystitis cystica, came to the conclusion tha _ cexJ tral 
were formed by inflammatory obstruction of lacunrc in the trigone or J 
degeneration of epithelial inclusions in other parts of the bladder xra ' j^a, 
The present tumour differs from those previously described in cer a .j wlcltrrL 
It arises from the fundus and projects backwards beneath the P cr: ^ 
There is an apparent history of long-standing cystitis but there are 
of epithelial inclusions. There is a gradual thinning of the norma 
transitional epithelium to a single layer and then an sbri’P cM5 ; 0 naI!y 
columnar mucus -secreting epithelium, with tubular glands. I es ° .-j+helium is 
end in follicles resembling the glands of the prostate. Glanau ar p 
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occasionally found in tho bladder at the base of Jacun© but these structures are 
usually confined to tho tngono and neck of the bladder (Albarran, 1892) No 
direct connection can be traced between these glands and the cystadenomn, but 
some of the tubules show changes suggesting that the cysts are derived in the 
first instance from the distal portions of the tubules 

It is suggested that the superficial glandular mucosa is a heterotopic focus 
of mucus secreting epithelium of prostatic origin which has undergone repeated 
inSammatory attacks and m tho process of healing tho basal portions of some 
of the tubules have become separated off granulation tissue, subsequently 
gu mg rise to a cystndenoma 

Summary 

A case of solitary cjstadenoma of the fundu3 of the bladder is described 
The histological appearances suggest that it has arisen from a heterotopic 
focus of prostatic glandular tissue 

I wish to thank Mr T Baron Bose Birmingham United Hospitals, for 
permission to publish this caso 
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TUBERCULOSIS IN AN ADEN OL YMPHOMA 
OF THE PAROTID GLAND 

T K Owen 

From the Emergency Pathological Service Laboratory, 

St Helier Hospital, Carshalton, Surrey 

(Plate XLI) 

Adenolymphoma is a rare but clearly defined tumour of the salivary glands 
It has been reported under a variety of names, the commonest alternative to 
odenolymphoma being papillary adenocystoma (or cj stadenoma) lymph 0 
raatosum (Ewing, 1940) Carmichael, Davie, and Stewart (1935) described 
8 cases and gave a comprehensive review of the subject More rocontly Berner 
(1942) m a search of the literature found G3 published cases and added 4 of his 
own and Lederer and Grayzol (1942) ha\e also reported 4 cases Martin and 
Ehrlich (1944) collected no fewer than 22 cases from the records of the Memorial 
Hospital, New York, covermg tho period from Januarj 1932 to March 2944 
inclusive They constituted 10 per cent of all benign parotid tumours and 
0 per cent of all parotid tumours In none of these 93 cases was tuberculosis 
of the lymphoid stroma described It is the purpose of tho present paper to 
record such an occurrence 

Histologically these tumours are composed of a lymphoid stroma m which 
ne tubules and cyBts lined by highly characteristic epithelium This epithelium 
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consists of strongly eosinophilic tall columnar cells, arranged in palisade 
formation, with their nuclei in an even row towards the free margin. At intervals 
between these cells are basal cells with their nuclei lying close to the base- 
ment membrane. The cysts generally contain granular eosinophilic debris, 
occasionally colloid-like material. Sometimes the tumours show an intracystic 
papillary structure. The stroma has the characters of normal lymphoid tissue, 
with germ centres. The tumours are always encapsulated, and show close 
topographical relationship to a salivary' gland. 

It is not intended here to discuss again the question of the histogenesis of 
these tumours. Suffice it to say that the most plausible theory seems to be that 
they arise from heterotopic salivary gland or salivary duct tissue in a lymph- 
gland, abnormally blended during development (Nicholson, 1922, 1923). 


Case report 

Mrs C. H., age 60, complained of a swelling beneath the angle of the right 
mandible for 2 years, increasing more rapidly in size for 8 or 9 months and 
particularly during the last 3 weeks. The size had varied a little from day to 
day. About 15 years previously a sudden swelling, which the patient described 
as “ like a balloon ”, had occurred in the same place. It went away quickly, 
and was neither painful nor tender. At operation, the tumour was stripped 
fairly easily from the surrounding structures, but in doing so it burst, and 
“ pus ” of creamy consistency escaped. 

The specimen consisted of an ovoid tumour 5 X 2-5 X 2-5 cm. in size. The 
cut sin-face showed numerous small cysts 1-2 mm. in diameter, and towards 
one pole a larger irregular cyst, 3x4 mm., with a shaggy wall. 

On histological examination the tumour is clearly seen to be an adcno- 
lymphoma (fig. 1), the stroma of which shows the typical appearances of 
tuberculosis. Although attempts to demonstrate acid-fast bacilli were un- 
successful, the occurrence of miliary tubercles (fig. 2) and of granulomatous 
and caseous lesions (fig. 3) leaves no reasonable doubt as to the diagnosis. The 
tumour has a well marked fibrous capsule, which in one area shows atropln 
salivary gland acini. 

The patient was examined at a later date for evidence of tuberculosis o se- 
where, but none was found. 


Comment 

Carmichael et al. conclude that both the epithelial and lymphoid elements 
participate in the neoplastic process. The present case is of interest in 
the lymphoid element reacted to tuberculous infection in the same , 
as a normal lymph gland. Probably the rapid growth of the tumour repo 
by the patient during the last few weeks before operation was due o ^ & 
secondary tuberculous infection. Worthy of note is the patients * or ^ ^ 
swelling at the same site 15 years previously. This would appear o su^ ^ 
some abnormality of structure in the salivary gland which might pre 1S P - 
the later development of the adenolymphoma. 


Summary 

A typical case of adenolymphoma of the parotid gland with tuberc 
the lymphoid stroma is reported. 

I wish to express my thanks to Mr A. York Mason for the cli 
and to Dr A. B. Bratton for the photomicrographs. 
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AN INTHVMURAL CARDIAC ANEURYSM 
N H JIartin 

From a Military Laboratory 
(PL.VTF XLII) 

The following is nn account of a rare, if not unique, cardiac lepton found at 
autopsj on nn apparent^ lienltln soldier who collapsed at work and died 
within nn hour 

History 

T L, n dispatch rider aged 20 3 care, had been known personall} to Jus 
platoon commander and unit medical officer for 18 months Tho\ had nluar* 
considered him absolutel} fit Ho had ser\ed with his unit throughout tho 
campaign and had ne\er boon off dut} from either mjurvor ill health On the 
afternoon of lus death ho had been doing rout mo duties about the camp and 
at 4 45 p m I 10 was found unconscious b\ tho roadsido closo to tho camp, his 
face congested and blue and his breathing stertorous No ono had seen him 
fall Ho was carried to his billet b} his comrades, where I 10 reco\ ered slight!* , 
shouting and struggling violent!* Ho died at 5 pm while being remo\ed to 
hospital 

Post mortem examination 

TI 113 was carried out at II p m on tho da} of death 

External appearances The bod} was that of a well built 3 *oung adult 
Tho head and neck were evanosed There wero no external marks of \ lolence 

Jhfcrmd appearances Except for intenso generalised congestion, particular!} 
m tho lungs and h\ er, and engorgement of \ eins, no abnormaht} was found in 
an} organ except tho heart 

Tho pericardium was distended with about 20 oz of dark fluid blood lliero 
was a circumscribed ring of fibrin on tho \isceral pericardium around a small, 
pale swelling on the lateral wall of tho left \entnclo otherwise mfiammaton 
changes were absent 

The heart weighed 310 g Both \entridos wero contracted The heart was 
opened along tho left lateral border b} a cut passing ^rticaU} through this 
swelling, winch was found to bo tho pericardial wall of a ca\it} 25 mm in 
diameter I}ing m the substance of tho \entncular imocardmm 27 mm from 
tho atno \entnculnr rmg (fig ) Tlio wall of tho sac whero it bulged out from 
tho vontriclo consisted of tho pericardium, a thin lajer of fibrous tiss>uo in which 
no muscle fibres could bo identified, and the endothelium lining the ca\ it* A 
small ragged tear in this fibrous wall connected the sac with the ptnumhal 
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cavity. The superior, inferior and endocardial walls were bounded by myo- 
cardium. When first opened, the sac was filled with fluid blood and when 
this had been gently washed away a few threads of ante-mortem clot were 
noticed, firmly adhering to the walls of the sac. On exploring the endocardial 
wall of the sac, a small valve-like opening was found communicating with the 
cavity of the ventricle. A continuous smooth endothelial lining extended from 
the ventricle through the opening into the aneurysmal sac, where it had been 
thrown into folds by contraction of the muscle fibres round it. Beneath the 
lining, small areas of haemorrhage were seen in the layer of loose fibrous tissue 
which separated the lining of the sac from the myocardium. 

' All the valves were normal and there was no evidence of old endocarditis. 
The myocardium of the left ventricle was firm and healthy and there was no 
evidence of hypertrophy, the wall measuring 15 mm . in thickness at the mid- 
point between the atrio-ventrieular ring and the ventricular apex. There was 
no abnormality in any other part of the heart or in the great vessels. The 
coronary vessels were normal in structure and distribution. s The anterior 
descending branch of the left coronary' artery' ran down in front of the aneurysmal 
sac but had no connection with it, nor was any' other connection demonstrable. 


Histology 

Blocks of tissue were taken from the wall of the sac and adjacent heart 
muscle, including the wall of the communicating channel between ventricle 
and sac, from the tissue lying between the anterior descending branch of the 
left coronary' artery and the sac and from areas of apparently healthy ventricular 
wall some distance from the sac. They were stained with haanatoxylin and 
cosin, haamatoxylin and van Gieson, and Masson’s trichrome. The sac was lined 
by a single layer of flattened endothelial cells, directly beneath which lay loose 
fibrous tissue separating it from the normal muscle fibres. In one area an 
organised thrombus could be seen and there was disruption of the lining. The 
communicating channel was also lined by flattened endothelium, but without 
interposition of fibrous tissue between it and the heart muscle. In the tissue 
lying between the descending branch of the left coronary artery and the sac a 
small patent arteriolar twig was identified. The rest of the ventricular muscle 
and the small coronary vessels were normal. 


Discussion 

The immediate cause of death was cardiac tamponade by the hmmfi 
pericardium resulting from rupture of the thin fibrous pericardial wall o 0 
aneurysmal sac. This was so thin that the patient must have been for some 
time in imminent danger of this catastrophe. The degree of fibrosis in 0 
wall suggested that the malformation was one of some standing, but t lore > 
no reason to suppose that the sac in this anatomical position should pro u^ 
symptoms, as it was a strictly localised lesion, while the rest of the cardiac 
w r as healthy and the blood supply' normal. The only way in which the c iagn 
might have been established would have been by' careful screening. m 

Intramural aneurysm may result from (1) herniation of the on ocfl . r , fl 
due to a developmental myocardial defect ; (2) endocardial hernia ion 
localised area of myocardial fibrosis resulting from antenatal trauma, m 
or localised coronary occlusion ; (3) true coronary aneurysm 6110 as n0 

described by' Cox and Christie (1930); (4) solitary abscess. ’ a ccfl 

evidence in this case to suggest that the lesion could have resul e r 

Vaquez (1921) mentions, without details, one example of cardiac a ' 0 f 
resulting from distension of a localised area of my'ocardial fi rosia, 
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old trauma Joachim and Maya (1926-27) describe a second case with a similar 
background In each instance the aneurism was sited anteriorly, more or less 
directly under the chest wall, and the connection with the ventricular cavity 
whs by a relatively large aperture. In both, there was a very clear cut history 
of substantial trauma. In the present case the sac was sited on the left lateral 
surface of the heart m a position where it is difficult to imagine the production 
of localised cardiac damage without associated trauma to other viscera. Of this 
there was no evidence, nor was there any history or evidence of prev ious injury 
or ill health. 

Coronary thrombosis, the usual cause of cardiac aneurysm in later life, is 
excessively rare in a man of 20 (White (1944) says ho lias seen no case under 
22 years of age) and there is no evidence to support a hypothesis of coronary 
disease or of trauma There was no evidence elsewhere m the heart of acquired 
endocardial or myocardial disease. Though Abbott (1936) in her classical work 
makes no reference to a congemtal abnormality of this kind one is forced to the 
conclusion that this sac was in fact the result of a developmental myocardial 
defect with endocardial herniation. 


Summary 

An intramural aneurism of the heart, presumably developmental in origin, 
is recorded, which was responsible by its rupture for the immediate death of 
an apparently healthy yoimg adult. 

I am grateful to Major Heame, who supplied me with notes of this case, 
and to the D.M.S , 2 1st Army Group, for permission to publish it. 
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j OBITUARY NOTICES OF DECEASED MEMBERS 

t 

t Cecil prico3oncs 

j 1863-1943 

l 

(Plate XLIII) 

Cecil Peice-Jones died at his homo at Radlett on tho 27th of August, 
1943, in his 80th -year. He was the son of a gifted physician who 
practised at Surbiton and who, in his earlier years, had held the post 
of demonstrator of zoology at University College under Raj' Lankester. 
j So it was that Cecil did his preliminary training in the pre-elinical 
1 years at University College and then in 1880 he entered Guy’s for the 
\\ clinical period. Ho was recognised as an able and industrious student 
with an original turn of mind, but in a school that could find no 
scope within its walls for the genius of Hopkins or Starling there was 
no opportunity for those whose interests lay outside the purely 
clinical field. After qualification he studied for some time in Frankfurt 
and then returned home to join his father in practice. General 
practice however did not appeal to him and when his father died he 
left it and devoted himself to pathology, while also acting for a 
period as medical officer of health for Kingston. There were then 
few laboratories where bacteriology was taught ; each man picked 
up what he could for himself, and Price-Jones worked in various 
places. In 1900 he was in the pathological laboratory at King’s 
College and in that year published his first paper, “ Cultures of strepto- 
trichiaa from various sources ” in the Transactions of the Pathological 
Society of London. Two years later he was with A. G. R. Foulerton 
in the bacteriological department of tho Middlesex Hospital and with 
him published another paper, on the “ general characteristics and 
pathogenic action of the genus Streptothrix ”, In 1904 he settled 
down with Eyre, who had just been appointed lecturer in bacteriology 
at Guy’s Hospital on the death of Washbourn. Here he worked ns 
unpaid demonstrator in bacteriology, but also turned once more to 
the development of the blood, a subject which had engaged his 
interest in his early daj’s in Frankfurt and now received additional 
stimulus from the advent of Romanowsky stains. His first paper on 
the development of the blood cells in the chick was held up by an 
attack of Malta fever which he contracted when carrying out some 
cerebral inoculations of mice. This resulted in a long illness which 
kept him away from work for more than a year. When he came back, 
he joined Boycott who had been appointed lecturer in experimental 

•kjcrs. or mn — vol. run - SOI X 
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pathology at Guy’s Hospital and was then working on the general 
pathology of the blood. Boycott was investigating the oxygen 
capacity and the blood volume in various forms of antenna and 
Price- J ones studied the changes in the morphology of the cells, noting 
the difference between the anaemias due to haemolysis and those due 
to haemorrhage. This had led him to the examination of the blood 
in pernicious anaemia and to a realisation of the need for an accurate 
method of measuring the size of the red cells. His original apparatus 
for this was somewhat primitive. He worked on one side of a kitchen 
table in a room that was half passage between' the post-mortem room 
and Boycott’s laboratory ; the shelves and benches were full of pots 
of post-mortem material and underneath the benches were large tall 
jars containing rats for breeding fleas, with which Boycott was 
working in connection with an experiment to see how far a flea could 
jump. Here he arranged a projection apparatus illuminated by a 
carbon arc lamp, and, with his head and shoulders covered with a 
large photographic cloth which enveloped the whole apparatus, he 
drew the outlines of the cells projected on to a piece of paper until 
the light gave out. Then a loud series of expletives announced that 
the carbons rvanted readjusting and Goodhart, who w r as engaged 
with liistological matters on the other side of the table, had to down 
tools and readjust the carbons. As this happened about every ten 
minutes the method was extremely tedious ; it was also extremely 
warm and P. J. emerged from his wrappings in a state of exhaustion. 

When Boycott left Guy’s for Manchester, P.J. decided that it 
was time he earned a little money and he took a post in the Cancer 
Research Laboratories at the Middlesex Hospital, but his work hero 
was soon to be interrupted by the first German War and in 1915 he 
joined the R.A.M.C. and went to Prance to take charge of the 
laboratory at no. 14 General Hospital at Wimereux. Here he was a 
great success and he greatly surprised his clinical colleagues by the 
help he was able to give by means of the blood picture. He also took 
great trouble in arranging entertainments for the troops and especially 
concerts to wdiich he himself made notable contributions with his cello. 

By the end of the war Boycott had returned to London, to the chair 
at University College Hospital Medical School. Here Price-Jones once 
more joined him and, under his stimulating influence, continued s 
studies of the size of the red blood cells. Here he was able to w or 
under much more favourable conditions and by his patient and time 
consuming studies demonstrated not only the importance of mcasunn 0 
the size of the red cells in distinguishing different varieties of antenna 
but also the value of applying accurate statistical methods m ie 


problems of pathology. . a 

He thus made clear the fact that pernicious antenna w.^^ 
megalocytie anaemia some years before Minot and Murp iy - j ^ 
paper on the curative effect of liver treatment, and lie indica e ^ 
pernicious anaemia wns due to faulty blood production an n 
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excessive blood destruction, the view that was then almost universally 
accepted ns a result of William Hunter’s work. 

He also did a great deal of work in establishing the normal figures 
for the red cell and ha;moglobin content of the blood in man. It had 
long been recognised that the figures for luemoglobin found by 
American workers were higher than those in England as measured by 
the Haldane method. To his direct mind there was only one thing 
to do. He packed his bag and went to America and at Boston, where 
Payling Wright was then working, and with the latter’s help, he 
arranged to investigate a group of healthy individuals . of the same 
standing as those on which the English figures were based. In this 
way he established the fact that the red cell and hcemoglobin values 
for the Boston group were higher than the London ones. 

P.J. was a man of wide culture and had many interests outside 
pathology. He was a great traveller and lover of the sea. Occasionally 
he used the great liners, but he preferred the more leisurely journey 
on a cargo ship, where he could pass the day reading and sketcliing, 
and tho many lovely pencil and water-colour sketches that adorned 
his walls were a constant reminder of his many travels. At one time 
he had a bungalow at Walmer and sailed his own boat ; here too he 
could indulge his love of flowers and he planted and cultivated his 
own garden. In later life he turned to this again, building himself a 
house at Badlett on the summit of an apple orchard where in the 
spring he looked down on the orchard beneath, where the apple trees 
with a liberal sprinkling of cherry and plum provided a fairy-like picture. 
He was no mean musician. In boyhood he was devoted to the piano 
but one day his father came in when he was practising and slammed 
down the lid of the keyboard and forbade him to touch it again. 
When the time came that he could take it up once more he felt that 
his hands lacked the suppleness to make him a good player, so he 
took up tho ’cello, and, although he played the piano with great 
pleasure to his friends, his “ Strad ” remained his most cherished 
possession. P.J. although a man of spare habit appreciated good 
food and had a remarkable palate for wine. This was once woll 
demonstrated when he was in practice with his father. His father 
had a bosom friend who was also his wine merchant and a frequent 
guest at dinner. On one occasion after tho purchase of some port 
P.J. said that the wine was not the same as the sample bottle ; so 
when the wine merchant next came to dinner the father said that 
though ho himself could not detect the difference Cecil said that it 
was not the same as tho sample. The wine merchant was furious 
and denied it. P.J. said there was still some of the sample left and he 
would be glad to prove it. A dozen glasses were brought in and 
when they had been charged P.J. returned to the room and successfully 
picked out the sample glasses. The Btorv has a sad ending, as the 
wmo merchant took it badly and the friendship ended abruptly. 

In his later years he suffered a good deal from attacks of dyspncea 
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and “ cardiac ” pain but continued working until one day he slipped 
when walking up from his lily pond to the house and fractured his 
femur. This resulted in several months in the private wing at U.C.H. 
Hardly had he got back home when he had an attack of biliary colic. 
He immediately returned to U.C.H. , where the surgeon relieved him 
not only of his gall stones but also of his “ cardiac ” pain ! But for 
the rest of his life he could only walk with difficulty and was then 
cut off from most of his old friends. Sir Edward Salisbury, whose 
frequent visits at this period were a great joy to him, writes : — 

“ P.J. possessed a highly educated taste both in the metaphorical 
and the literal sense of the phrase. Whether it were the use of a 
word, the balance of a musical composition, the tone value of a 
picture, the flavour of an apple or the bouquet of a choice Hock, iie 
gave them alike considered attention and that combination of 
/ aesthetic and intellectual appreciation that is the hall-mark of the 
true connoissseur. 

“ The enforced isolation of his later years was felt not only because 
it cut him off from so many of his friends, especially during the war, 
but because it deprived him of new scenes and experiences. He was 
rarely averse to talking of his travels and the sketches which he had 
made on them. His pencil sketches especially showed a lively sense 
of atmosphere and he was more successful in this medium than in 
water-colour. The charm of his playing whether on the piano or the 
’cello was not to be measured by his technical ability, though this was 
appreciable. To hear P.J. extemporise for an hour or more on the 
keyboard was to appreciate the delicacy of his perceptions and share 
the pleasures of an artistic mind. Though P.J.’s scientific achieve- 
ments will endure the longer, it is the artistic side of his temperament 
that will remain very vivid to those who knew him personally. 

“ He was keenly interested in the way, the world was made and 
often questioned me on botanical and other scientific subjects. But 
one felt that though the warp and woof of life had for P.J. h s 
attractions, it was its texture and the play of light and shade upon 
it that was the absorbing interest 

G. R. Cameron writes : — “ P.J., as he was called with some 
affection by all University College Hospital Medical School colleagues, 
occupied a unique position in the School. Though not on the sta , 
he was regarded as the final court of appeal on haematology an IS 
opinion was sought by both clinicians and medical students. -^° 
thought of commencing a research on blood without first consu jn 
him. Visits had a habit of being prolonged into a length} g°-^ 
and his laboratory at times resembled a club room. The litt e ma . 
perched on one of the enormousfy tall stools (Boycott ha P a ? u , 
laboratory furniture to suit his own very long legs), was ie 
of many a witty conversation. P.J. got on well with young 
despite the wide discrepancy in age. He could talk to them m 1 
own language, yet he never seemed to be “ talking down • e 
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ever friendly and mildly encouraging, he could on occasion bo roused 
to indignation, but his stutter inevitably intervened and threatened 
to turn the flow of biting invective one felt was coming into a comic 
situation. The stutter on one occasion saved what might almost 
have turned into an international situation. We were visiting Rome 
for a Congress on the History of Medicine and amongst the various 
social gatherings was a reception at the Vatican. With due ceremony 
we were lined up in a double row to await the advent of the Holy 
Rather. Preceded by the Cardinal on duty he made the circuit of 
the visibly impressed visitors, each of whom was introduced in turn. 
P.J. was solemnly announced as ‘ Prince Jones much to his dismay 
and the amusement of at least one witness. He attempted to correct 
the vicarious ennoblement, but the stutter intervened and no doubt 
the papal archives record to this day the presentation at the Papal 
See of a Royal visitor from the Principality of Wales. 

“ That visit to Rome must have been a great joy to him, for he 
revelled in sketching and spent hours in the Forum and at Tivoli 
with ins pencil and sketching book. A memorable outing to Monte 
Cassino brought its reward in glorious Italian scenery and a striking 
sunset ; it was not without its ludicrous moments, however. Primitive 
sanitary arrangements in Italian hill towns, the enormous mounds 
of spaghetti which had to be dealt with, the incessant chatter of our 
French colleagues and their wives, not to mention the ridiculous 
poodles which invariably accompanied them, presented their problems 
and P.J.’s eyebrows rose higher and higher until they threatened 
to disappear completely. And to crown all was the presentation after 
lunch to the Abbot of Monte Cassino. The faithful solemnly kissed 
the episcopal ring which decorated the podgy fingers of that high 
dignitary. P.J. manfully summoned up his courage and grasped the 
slightly bewildered Prince of the Church by the hand. Those of us 
who followed, faced with the same problem, breathed a sigh of relief 
and overwhelmed the Abbot with a typical British gesture 

Dr Janet Vaughan writes : — “ The name of Price-Jones will endure 
in medicine attached to a curve — namely the distribution curve of 
red cell size. It is indeed fitting that one of the first men to recognise 
how much might be gained by the application of precise statistical 
methods to the biological sciences should have insured himself such 
immortality. By plotting the distribution curve of red cell size in 
different pathological conditions Price-Jones was able to show that the 
curve found in Addisonian pernicious anaemia was distinctive and 
almost diagnostic. Ho made in fact of statistical measurement an 
essential clinical tool, needed at the bedside as well as in the research 
laboratory, 

“ His first paper on the subject, published in 1010, was followed 
by a succession of further papers in this Journal dealing not only with 
oell sizes but with other hrematological constants. In 1033 he 
summarised his observations in a classical monograph entitled * Red 

Jones, or rim.— rot. Lvni 3 : 2 
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blood cell diameters ’. He had shown in the intervening years not 
only thatoneasurement of cell size was of diagnostic value but that it 
was also a valuable guide to the effects of treatment: 

“ Price- Jones will be remembered for his curve, but the real 
importance of his contribution to medicine lay in the fact that he 
taught to his own and succeeding generations the importance of both 
accurate measurement and the correct assessment of the significance 
of results. He taught us that we cannot claim anything to be 
abnormal unless we know what are the limits of normal variation. 
What he did for red cell size and haemoglobin is gradually but "all too 
slowly being done for other fields of pathological enquiry ”, 

But Price-Jones -was no mere “ hematologist ”, as some who only 
knew him in Iris later years have thought ; he was a pathologist in 
the true sense of the word, with wide experience buttressed by vide 
reading. A clear thinker, with a keenly critical sense and a precise 
and scholarly pen, his abstracts and reviews, of which he wrote many 
for various journals, were always full of wise comment and were a 
delight to read. He was an assistant editor of this Journal from 
1923 to 1926 and had been a member of our Society since 1908 . 

G. W. Goodhart 
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The development of red blood cells in the chick This Journal, 1909 10, xiv, 
218 223 


1910 

A source of fallacy in counting red cells Brit Med J , 1910, i, 1351 1352 
The variation in the sizes of red blood colls Bnt Med J , 1910, n, 1418 1419 


1910 11 

Observations on the changes produced in the blood and bone marrow by 
haemorrhage and blood destruction (Part I) This Journal, 1910 11, 
xv, 4 19 

A E Boycott, C G Douglas and C Price Jones H'cmopoietme This 
Journal, 1910 11, \v, 1IG 118 (abstract) 


1911 

C Price Jones and S H Browning Note on tho blood in sympathetic 
ophthalmia Brit Med J , 1911, 1 , 142G 

Observations on the blood and bone marrow' of healthy and of carcinomatous 
mice Arch Middlesex Hosp , 1911, xxm, 5C 72 (Tenth Report from tho 
Cancer Research Laboratories) 

The cytology of tho blood m malignant diseases of man (Second commumca 
tion) Arch Middlesex Hosp , 1911, vein, 73 78 (Tenth Report from the 
Cancer Research Laboratories) 

The aspect of leukemia from the bone marrow’ Guy's Hosp Rep , 1911, Ixv, 
83 96 


1911-12 

Observations on the changes produced in the blood and bone marrow by 
h'emorrhage and blood destruction (Part II) This Journal, 1911 12, 
xvi, 48 70 


1912 

The potassium content of the blood of mice, and the effect of an increase on 
tumour development Arch Middlesex Hosp , 1912, xxvn, 161 177 
(Eleventh Report from the Cancer Research Laboratories) 


1912 13 

A E Boycott and C Price Jones Experimental trypanosome nntcmia 
This Journal, 1912 13, xvn, 347 36G 


1913 

The cytologj of the blood m sarcomatous rats (preliminary communication) 
Arch Middlesex Hosp , 1913, xxx, 162 170 (Twelfth Report from the Cancer 
Research Laboratories) 
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1914 

C. Price- J ones and J . C. Mottram. Contribution to a discussion on the action 
of radiations on cells and fluids. Brit. Med. J., 1914, ii, 709-710. 

C. Price-Jones and J. C. Mottram. A contribution to the study of in vitro 

plasma cultures of mouse carcinoma and rat sarcoma. Arch. Middlesex 
Hosp., 1914, xxxiii, 21-33. (Thirteenth Report from the Cancer Research 
Laboratories). 

1917 

Blood pictures : an introduction to clinical haematology. Bristol, 1917, pp. 91. 

1919 

D. Semple, C. Price-Jones and L. Digby. A report for the Pathological 
Committee of the War Office of an inquiry into gingivitis and Vincent’s 
disease occurring in the Army. J. Roy. Army Med. Corps, 1919, xxxiii, 
217-232 and 281-298. 

1919-20 

The diurnal variation in the sizes of red blood cells. This Journal, 1919-20, 
xxiii, 371-383. 

1920 

Blood pictures : an introduction to clinical lirematology. Third edition. Bristol, 
1920, pp. 04. 

1921 

The sizes of red blood cells in emphysema. This Journal, 1921, xxiv, 326-332. 


1922 

A. E. Boycott and C. Price-Jones. The influence of anfesthesia on the 
restoration of the volume of the blood after haemorrhage and after trans- 
fusion. This Journal, 1922, xxv. 335-345. 

The diameters of red cells in pernicious anremia and in antemia following 
hromorrliage. This Journal, 1922, xxv, 487-504. 

Observations on the effects produced on the bone-marrow by exposing rah i 5 
to five grammes of radium bromide. Medical Research Council, Spec. 
Rep. Ser., no. 02, London, 1922, pp. 141-148. 

1924 

The quantitative estimation of isohaimagglutination. This Journal, 19-L 
xxvii, 111-115. t ^ 

Anisocytosis with special reference to pernicious anosmia. Guy s Hosp. 

1924, Ixxiv, 10-22. 

1924-25 

The effect of lead on red blood-cells. Medical Science, 1924-25, xi, 147 153 


1925 

The temperature of white and black and white rats. This Journal, 1925, 
525-528. 

1926 . g 
R. D. Ball and C. Price-Jones. A laboratory epidemic in rats due to Gaer ne 

bacillus. This Journal, 1926, xxix, 27-30. ppoffatigu® 

A. E. Boycott and C. Price-Jones. Experiments on the m uen 
on infection. This Journal, 1926, xxix, 87-95. 
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/ 1926-27 

The effect of exercise on the growth of white rats. Quart. J. Exp . Physiol ., 
192G-27, xvi, 01-07. 

Ip27 

Infection of rats bj Gartner’s bacillus. This Journal, 1927, xxx, 45*64. 

1929 

Red cell diameters m one hundred healthy persons and in pernicious anosmia : 
the effect of liver treatment. This Journal, 1929, xxxn, 479*501. 

1930 

Individuality m tho size of red colls. Tins Journal, 1930, xvcm, 1173-1174, 

The relations of diameter and height to tho squatness of snails ( Cepcea 
nemorahs) Proc. Malacol. Soc. Lond., 1930, xix, 140-152. 

1931 

C. Price Jones, D. 13. Dili, and G. P. Wright. Tho concentration of hremo- 
globm m normal human blood. This Journal, 1931, xxxiv, 779*787. 

. 1931 32 

Contribution to a discussion on the megalocytic nnccmias of tropical and 
non-tropical countries. Proc. Roy Soc. Med., 1931*32, xxv, 1727. 

1932 

The red cells in microcytic nnicmia (Witts). This Journal, 1932, xxxv, 759*707. 

1933 

Blood pictures : an introduction to clinical haematology. Third edition. 
Bristol, 1933, pp. 72. 

Red blood cell diamotors. London, 1933, pp. 82. 

1935 

C. Price *J ones, J. M. Vaughan and H. M. Goddard. Hematological standards 
of healthy persons. This Journal, 1935, xl, 503 519. 


j£lt3abetf) (STjflgnn (‘Habs Stanton) 

Dr Elizabeth O’ Flynn died from influenzal bronchopneumonia in 
the Hospital of St John and St Elizabeth on 1st February 1946. 
During the last few years of her life she had been much handicapped 
by ill-health but she struggled on against great difficulties and was 
actually working until within a week of her death. For more than 
twenty years she had held the post of pathologist to the Queen's 
Hospital for Children, and before this had held pathological appoint- 
ments at the National Hospital, Queen Square, the South London 
Hospital and King’s College Hospital. These had given her special 
experience in the pathology of diseases of the nervous system and 
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in collaboration with her colleagues she published papers on subacute 
combined degeneration, the calcium content of cerebrospinal fluid 
and the hepatic aspect of lethargic encephalitis. In 1930 she married 
Sir Thomas Stanton, K.C.M.G., Chief Medical Adviser to the Secretary 
of State for the Colonies, but her husband died in 1936, and it seemed 
to her friends that she never recovered from the shock of his death. 

Her loss will be felt by a large circle of friends, because she had a 
great capacity for friendship. She was always inclined to belittle her 
own achievements in pathology, but those who knew her well had a 
great respect for her opinion on a difficult problem. She often found 
the obligations of routine duties a strain, because she was inclined 
to be rather casual and happy-go-lucky by nature, but she continued 
in her hospital work with very little technical assistance, inspired by 
a strong sense of duty. 

Cuthbeet Dukes 
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Biological actions ol sox hormones 

By Harold Burrows. 1945. Cambridge : At tho University Press. 
Pp. x and 514 ; 7 text figs. 42s. 

No ono can know better than the author how essential is a knowledge 
of tho biological actions of sox hormones to both experimentalist and 
clinician. Ho modestly says in tho preface that “oar knowledge of these 
matters is growing so fust that to keep abreast of it is not easy for those 
who nro occupied wittumnny other affairs ”. This statement might well 
be modified by saying that it is quite impossible oven for a research worker 
to sift the important from tho unimportant in this rapidly expanding 
field. It is to such a book ns this, covering nearly 2000 references during 
a period of 20 years, that wo look for inspiration and guidance. Tho 
author approaches his task with a background of laboratory experience 
and philosophical thought which fit lnm peculiarly for the task in hand. 
System, accuracy and limitless patience have contributed to produce a 
complete factual account of tho experimental work which lias been done. 
It is therefore unfortunate that tho author has so seldom thought fit to 
express his own views upon tho value of tho work quoted. 

This is not a book to read from cover to cover, onlivenod ns it is by 
an occasional gleam of humour ; rather is it a work of reference to be 
kept at hand in tho laboratory or consulting room. It is divided into six 
parts, each dealing with a group of horraonos : — gonadotrophins, gonadal 
hormones (androgens, ccstrogens and progestins) and finally sox hormones 
of the adrennl cortex. The experimental w'ork leading to tho discovery 
and isolation of the hormones is described, followed by a survey of all 
their complicated biological actions and interactions. The relations of 
hormones to pathological conditions such ns non-descent of the testiclo, 
hernia and mammnry cancer are also discussed. An appended list of 
proprietary sox hormone preparations and synonyms is a useful addition. 

Tho format conforms to tho very highest war-time standards. There 
are many tables but no illustrations. Any attempt to inoludo the latter, 
even if helpful to the reader, would have been prohibited by presont paper 
restrictions. 

Pulmonary edema and inflammation 

By C. K. Drinker. 1945. Cambridge, Mass ; Harvard University Press : 
London ; Humphrey Milford (Oxford University Press). Pp. ix and 10G ; 
27 figs. $2.50. 

This small book is basod on the Nathalie Gray Bernard Lectures 
delivered by Dr Drinker at tho Bowman Gray School of Medicine, Wake 
Forest College, Winston-Salem, North Carolina, in December 1944. A 
chapter has been added on artificial respiration. The main theme of the 
book is the part played in tho causation of pulmonary oedema by changes 
in the permeability of the capillary endothelium of the lung and especially 
the role of anoxia in effecting these changes. 

The capillary circulation of tho lungs is a close-meshed net embracing 
the alveoli so intimately that they appear to be suspended in an almost 
continuous cascade of blood. Such a vast capillary area suffices for the 
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extremes provided by the heaviest physical exercise ; it can oho be cut 
down to the slightest proportions when respiratory needs are no longer 
urgent. The capillary endothelium depends for its oxygen supply on the 
air which reaches the alveoli, hence anything which excludes air from 
groups of alveoli leads to anoxia and this in turn gives increased capillary 
permeability with outpouring of plasma into the air spaces. Although 
an extensive lymphatic system exists in the lungs it is confined almost 
wholly to the bronchial ramifications, ceasing abruptly at the infundibular 
ducts ; moreover, most of the lymphatics drain into the right subclavian 
vein by way of the right lymphatic duct, which is very small and con- 
stitutes “ a veritable bottleneck ” in the pathway of lymph drainage. 
Quantitative studies such os those of Dr Drinker’s school and unpublished 
experiments of F. C. Courtice in this country do not impress one with 
the functional efficiency of the lymphatic system in the lungs. Stagnation 
of exudates or transudates is thus favoured,janoxia is again likely and a 
vicious circle may well result. Leakage of water from the lung capillaries 
is favoured, too, by the negative pressure in the chest, and if this be 
increased as by dyspnoea oedema may be precipitated. 

Two lines of therapeutic attack upon pulmonary oedema emerge from 
these principles : (1) the combating of the progressive effects of anoxia; 

(2) the modifying of intrapulmonary pressure conditions so that negative 
thoracic pressure is reduced. 

Dr Drinker is to be congratulated upon a singularly clear discussion of 
a difficult subject. His lectures should be in the hands of all teachers 
and research workers interested in pulmonary problems. 

The role of the leucocytes of the blood in reparative processes in 
the tissues 

By G. K. Kiujschov. 1045. Moscow : Publications of the Academy 
of the Sciences of the U.S.S.R. Pp. 116: 20 text figs. 5 roubles. [In 
Russian .3 

Professor Kruschov, in the Russian Institute of Cytology, Histology and 
Embryology, has repeated, continued and elaborated Carrel’s experiroen s 
on the influence of the leucocytes upon tissue growth in culture and upon 
healing wounds in the living' mammal, and has arrived at certain conclusions 
regarding the mode of action and attributes of the “ leucocytic trephoncs 
—those leucocytic products which appear to stimulate regeneration 
connective and epithelial tissues. . . 

Several methods were employed for -the collection of the leucocy ^ 
(1) centrifugalisation (a film of leucocytes was obtained from the in ® rs I® e 
between plasma and cells) ; (2) slow gravitation (a suspension 0 ^ 
cells in plasma was collected after sedimentation of the erythrocj 
this suspension was centrifuged to provide a deposit of w 1 ® 

(3) perfusion of the spleen. To separate polymorphonuclear from ^ ^ 

cytic forms, advantage was taken of the more rapid motion o > c 
through a plasma medium, to pieces of elder pith. Kruschov s no , g 

the growth of a tissue culture (fibroblasts) or an organ culture (c 
accelerated by trepiione-eontaining fluid almost but not quite 0 ^ )ejn . 
degree as by embryonic extract. The transplantation of Isucocyx 
selves to a tissue culture stimulates the rate of growth subs an 1 ^ t | w 

than the addition of trephone-containmg fluid and rather m° r ^ t ), e 
addition of embryonic extract. Perhaps the clearest demons r fl 

stimulant effect of leucocytes is afforded by an experimen t - [SSU e 
transplanted colony' of leucocytes is placed co-tangentia y r0 ra pj ( l 
culture ; growth of tlie culture at the area of contact is visi y 
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tlmn tlio growth of n control culturo separated from the leucocyte colony 
by a distance of a few centimetres 

Tho accelerating effect of leucoc\tes and of leucocytic trephones wn* 
observed also in the regeneration of an area ablated from a tissuo culture* 
and in addition it was shown in tho repair of traumatic ulcers on tho bad S 
of rats, carefully controlled by identical contralateral ulcers untreated by 
leucocytes or trepliones In tho healing of these ulcers tho Ioucocy tos exert 
an accelerating effect both on early granulation production and on latof 
epithelial isation The differences in rate of growth and m regeneration 
are graphically represented and are appnrentlv statistical!* significant 
The action of leucocyte*, and their products was found to be in no way 
specific — for tho tissue, tho protein content of tho medium employed, of 
the species 

Tho final chapters of tho booh report tho early application of thes*> 
stimulating attributes of leucocy tes and their products to * etorinary and 
human medicine, but controls have been so difficult to obtain that final 
conclusions particularly in tho enso of man, cannot as yet be drawn froni 
tho clinical experiments 

Micro-analysis in znodical biochomistry 

By E J Knsc 1940 London J i A Churchill, Ltd Pp vin and 
168, 10 figs 10s 0d 

Hospital biochemists will welcomo this collection of laboratory methods 
For the most part the methods aro those with tho do\oJopmcnt of which 
tho author oncl his colleagues hay o been closely associated and which have) 
already” gained a wide measure of acceptance, and it is a distinct con 
venience to find them gathered togother in ono small \ olumo Tho author * 
intention has been to supply instructions which will make it possible to 
execute all tho my estigations commonly asked for in routine hospital 
laboratory work In fulfilling this intention ho lias confined himself in tho 
mam to ono method for each determination Thus tho book, while being 
a most useful laboratory companion, is not a coraplote laboratory guide 
Some notes on the clinical interpretation of results are gnen, but tlies* 
aro very brief In tho royioyyers opinion, unless clinical interpretation i2 
discussed at some length it is best omitted altogether Short notes such ns 
ore found hero are quite hi ely to mislead any beginner yvho may seel- 
guidance from them, and they aro valueless to the experienced yvorker 

Fungicides and their action 

By James G Horsfall 1945 Waltham, Mass , The Chronica Botanic* 
Co London William Dawson & Sons Ltd Pp xy i and 239 , 24 text 
figs $5 

This book by Professor Horsfall, Head of tho Department of Plant 
Pathology and Botany at the Connecticut Agricultural Experiment Station^ 
deals in a successful and comprohonsiy e yyay with the scientific principles 
underlying the chemical control of fungus diseases of plants and included 
references to work m other spheres such as the preservation of timbers and 
of fabrics Accounts are given of the many types of materials now in us* 
as fungicides or under investigation but the book is in no way a compendium 
of chemical formulations It is essentially a book for tho specialised 
scientist and w ill hay e little appeal to the general grow er 

During recent years the position with regard to materials used for plant 
disease control has been rapidly changing Hew’ types of compounds of 
fungicidal yalue particularly of an organic nature, have been found and 
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some of these are already challenging the older and well established in- 
organic remedies. In making these advances much work has been done 
and Professor Horsfall's hook serves a useful purpose in drawing this 
together and in permitting an assessment of the present position. 

The book forms the second of the series in the Annals of Cryptogamy 
and Phytopathology edited by Dr Frans Verdoorn. Chapters are devoted 
to an historical introduction, general concepts, laboratory assay, problems 
of data assessment, principles of chemical protection, deposition, the 
coverage of surfaces, tenacity, artificial immunisation and chemotherapy, 
antagonism and synergism, phytotoxicity and the action of copper, 
sulphur, organic nitrogen and other organic compounds. Technically the 
book fully maintains the high standard set by the first volume in the 
series, while the lay-out is attractive and the type is conducive to easy 
reading. It contains a short foreword by Dr David Fairchild, author and 
subject indexes and a bibliography of some 500 references. 

The book will prove a most useful addition to the libraries of all who 
are interested in plant pathology. The chapters on data assessment, the 
new organic fungicides, and antagonism and synergism are of particular 
value at this time in view of the recent interest in these matters. Some 
of the contentions put forward by the author are likely to be disputed, 
but the book will undoubtedly provide a valuable impetus to further work 
in this important subject. In the reviewer’s opinion, the high merit of the 
book is somewhat marred by the use of colloquial terms and loose chemical 
phraseology, which, while no doubt making for easier reading, seem out of 
place in a scientific work of this nature. In some cases, matters dealt 
with in the text show no references or are inadequately covered in the 
subject index. Such omissions will doubtless he rectified in a later edition, 
and should in nd way detract from the merit of a stimulating and valuable 
publication. 

The bacteriology, pathology and etiology of measles pneumonia and 
measles encephalomyelitis with venous thrombosis 

By Paul Gates Ivreijder. 1943, Springfield, Illinois : published by the 
autlior. Pp. vi and SG ; 19 figs, and 3 colour plates. No price stated. 

In this small monograph the author presents two theses. The first is 
that the pneumonia of measles is due to stroptoeocei which are, for him, 
almost a constant concomitant of severe measles infection. , It is not due 0 
secondary invasion of damaged tissues hut to a concomitant infection, a® 
X-ray evidence show's that bronchitis appears with the fever at the ons ® 
of the catarrhal stage. The streptococci causing the pneumonia may 
of either the liremolytic or viridans type, but for the author this 13 ™ 
important, as he has found evidence suggesting “that the nemo 
streptococci had been in many cases partially and in some cases corn P 0 
converted into the green-forming type The reader is left wn 
impression that the author would like to be able to prove that meas 
due, not to a virus, but to a streptococcus, but he contents himse ^ 
suggesting that further work may show the constant presence of strep o ^ 
in the respiratory tract in cases of measles. 'Die alternative *yp? t -j }0 
which would appear to account for the facts brought forwar 
author, namely that the increase of mortality as an epidemic 
is due to combined infection by measles and virulent streptococci. 

even suggested. ■ j u£) to 

The second thesis is that the encephalomyelitis of me as es . 
venous thrombosis, or at least to a standstill of the venous c ^. 0w3 
in the nervous system. This theory is clearly based on Pu na 
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on the causation of disseminated sclerosis, but it does not explain the 
difference of the histological picture from that seen m extensive primary 
venous thrombosis in the brain The two cases of measles enccphalo 
myelitis which ho describes have already been recorded by Ferraro and 
Scheffer, and he adds little to what is already known of tlio pathology 
of the condition The book is admirably illustrated by drawings and 
photographs and includes an extensivo bibliography . 

The Bulphonaznldes in theory and practice 

By J* Sxrvv uvr L whence 19-10 London H IC Lewi-, Pp vn and 
123 9s 

This slim volume is intended primarily as a guide to the clinician, and 
contains a straightforward account of the phannacology of the sulphonnmido 
drugs and of their therapeutic use Tiioorv ”, apart from phnrmncologv , 
occupies only the first 11 pages, and recent work on the mode of action 
of these drugs, showing that the original theory of Fildes and W oods is 
not a full explanation, is not mentioned The clinical chapters embodv 
some original observations, mainlv tending to show that sulphonanudo 
treatment is valueless in certain conditions for which it is commonly 
prescribed , the author is cammcndably hostilo to indiscriminate use The 
book ends with a short account of laboratory methods, a list of 324 
references, arranged in alphabetical order from “0” to -!S2 onlv, and a 
remarkably full index for so small a book 

Textbook ol neuropathology 

By AkTHUit Weil Second edition, 1946 London \\ illiam Hoinemann 
(Medical Boolcs) Ltd Pp xiv and 350 , 287 text fig-, 25s 

- According to the preface “ This book has been designed to give a review 
of the present stato of our knowledge in neuropathologv It contains a 
collection of facts which liav o been scattered in the literature ” Tins 
statement gives a clue to the principal merits and defects of the work 
It does indeed contain many' interesting facts , but no serious attempt has 
been made to integrate them into clear and orderly accounts of the v anous 
morbid entities It also contains many novel hypotheses but no sound 
reasons are given for preferring these to well founded theories of greater 
antiquity It is further provided with an abundance of illustrations, 
mostly of excellent quahtv , and these aro its most attracts o feature 

In the section on the spread of infection into the cranium from 
neighbouring mflammatorv foci the importance of lymphatic pathways is 
stressed and other paths of extension are almost entirely neglected l\e 
are also told that “ seldom doe3 a tuberculous meningitis occur together 
with acute miliary tuberculosis ” Which only goes to show that the 
American way of life is very different from the European— even for the 
PJ ogenio micrococci and tlio tubercle bacillus 

3- lie allocation of space to the various subjects discussed provokes little 
comment, but “apoplexy * is dismissed m two meagre pages while 
cerebral aneurysm and meningeal luemorrhage are barely mentioned, 
although American workers have made substantial contributions to our 
knowledgo of these subjects 

The author frequently shows a disrespect for the accepted meaning of 
terms that is always irritating and sometimes misleading The use of 
olfactory bulbs ” for “ olfactory nerves ” (p 101) and of “ creatine ” for 
creatinine ” (p 202) can be excused as mmor slips , but the substitution 
of “ atheromatous abscess ” for “ atheromatous ulcer ” (pp 81 and 82) 
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“ syndrome ” for “ sign ” or “ symptom ” (p. 94), “ tissue ” for “ thrombus >• 
(p. 124) and the reference to the “ long, fine fibers ” of the microglia cell 
(p. 34) suggest a more reckless glissade towards verbal anarchy, 

Nevertheless, in reaching a second edition this book displays a vitality 
often lacking in similar text-books in our language and we hope that in 
later editions it may also acquire the equally important virtues of clarity, 
simplicity and reliability. 


Topley and Wilson’s principles of bacteriology and immunity 

Revised by G. S. Wrcsosr and A. A. Miles. Third edition, 1946. London : 
Edward Arnold & Co. Vol. I, pp. xi and 970, 235 text figs ; vol II, 
pp. viii and 1084, 67 text figs. 60s. 

The impatience with which a new edition of “ Topley and Wilson ” 
has been awaited by bacteriologists is some measure of the success achieved 
by the two earlier editions. G. S. Wilson and A. A. Miles (who has under- 
taken the revision of the sections for which Topley was mainly responsible) 
are to be congratulated upon having brought the book thoroughly up to 
date without impairment of the balanced presentation of the original and 
in spite of the difficulties occasioned by the disorganisation of war. 

The incorporation of the notable advances of the last decade has 
resulted in a considerable increase in the size of the book but reversion to 
a two volume format makes this edition much easier to handle than its too 
bulky predecessor, whilst cross reference is facilitated by the inclusion of a 
complete index to the whole work in each of the volumes. Two entirely 
new chapters, on chemotherapy and the bacteriology of the air, have been 
added. The former, which includes a critical discussion of current hypo- 
theses of the mechanism of antibiotic activity, provides a most valuable 
review of the present-day position of its subject ; the latter deals mainly 
with modem methods of preventing air-borne infection in closed spaces. 
One useful chapter of the earlier editions — on soil bacteriology— has 
unfortunately been deleted without the substitution of anything to take 
its place in giving the student an appreciation of the significance of bacteria 
in the economy of nature. The Shigella and Salmonella organisms have been 
removed from the Bacterium chapter and are now treated separately os 
distinct genera. Also the psittacosis-lymphogranuloma group has been 
separated from the other virus diseases. Several new figures have een 
added, including some beautiful electron photo -micrographs to illustra e 
the morphology of bacteria, spirochcetes and viruses. Apart from t ese 
and a few other minor changes the form of the book remains unaltere . 

The critical appraisement of very recent work and its correlation wi 
established hypotheses is always a difficult task and there is litt e ou 
that future editions will benefit from vigorous priming. The T ® v ' 
themselves are conscious of this, for they plead in the preface t ia 
have not had time to be more concise. There are some sections, no > ® - 
that dealing with the influence of diet etc. on immunity, in w hie e ,j )an 
discussion of directly contradictory reports tends to obscure ra ie ^ 
clarify the issues involved. The chapters dealing with viruses an ^ 
diseases fall somewhat short of the high standard of the rest o ® 

The advisability of discussing the general properties of anima v ^ 
scarcely any reference to the plant pathogens is open to ques 'tendon 
use of the developing hen’s egg in virus work is not given !S , ,j on> 60 
which its importance merits ; the allantoic route of moc ^ acc j Jje3i 
successfully employed for the large-scale production of some v irtI Q vcr 
is not even mentioned in the paragraphs devoted to virus c 
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30 virus diseases have been added to tho formidnblo number dealt with 
in tho previous edition but tho ovidonco for a virus ictiology of some of 
them, such ns Bornholm disease and epizootic abortion of maros, is so 
slender that they might with advantage havo boon occluded Of course 
m a work of such wide scope it is inevitable that specialists in limited fields 
will find something with which to disagree None tho less, m its now form, 
this book will undoubtedly contmuo to servo, both os a text book 
mdispcnsablo to advanced students and ns a reference book oqually 
indispensable to teachers and research workers Tho long lists of 
references apponded to each chapter offer to tho investigator m almost 
any branch of bacteriological research a ready moans of entry into tho 
literature of his subject 

Penicillin therapy and control in 21 Army Group 

1945 Published under the direction of tho Director of Medical Services, 
21 Army Group, with introduction by tho Consulting Surgeon (Brigadier 
A E Pomtt) Pp 303 , 4 figs No price stated 

r lhis publication of 365 pages is made up of some 00 contributions or 
short chapters by a great number of medical mon, working as pathologists, 
surgeons and physicians in tho 2 1st Army Group Tho objective to which 
most of these articles are directod is tho assessment of tho v aluo of penicillin 
in tho prophylaxis and treatment of war wound mfections, but tho collection 
also includes v alunblo contributions to our hnowledgo of tho uso of this drug in 
infections treated in the medical wards of Army hospitals, and, further, there 
are accounts of sovoral useful investigations on tho technique of penicillin 
administration The latter cover many aspects of tho use of this drug, 
from observations on tho destruction of penicillin by various samples end 
v arieties of rubber tubing with winch it is likely to be in contact in drip 
administration, to the concentrations of the drug winch may bo obtained 
in the blood, tho synovial fluid of joints, etc , of patients imdor treatment 
Those contributions to tho technical stdo of tho subject come mostly from 
Major K E A Hughes of No 3 Mobile Laboratory 

Tho individual records from difforont hospital units boaring on the 
outcome of prophy lactic treatment of wound infections vary considerably in 
scopo and value, some being too limited to permit of definite conclusions, 
hut the sum total presents a most convincing proof of tho remarkable 
advance, even during the courso of tho War, in tho protection of tho 
wounded from the gravo results of infection It is shown that oven 
when just altowanco is made for other factors which bear on this result 
there can be Iittlo doubt that tho parenteral administration of penicillin 
for purposes of prophylaxis lias yielded a rich harvest in lives saved and 
m the elimination of protracted illness and disablomont It is also made 
clear that results with penicillin alone are as good os those obtained by a 
combination of penicillin and sulphonarnides and definitely superior to 
those obtained with sulphonarnides alone 

One of the most interesting chapters is that by Brigadier A E Pomtt 
and Lt Col GAG Mitchell on anaerobic myositis The incidence of this 
condition in tho wounded, which had ranged from 3 4 to 10 per 1000 in 
the campaigns of tho Middle East, N Africa and Italy, was reduced in the 
B L A to 1 G per 1000 in Allied troops , and tho death rate in established 
cases, which fluctuated between 30 and 70 per cent in other areas in 
earlier campaigns, fell to 21 9 per cent The figures are not, however, 
large enough to throw muoh light on the outstanding problem of tho value 
of prophylactio anti serum for gas gangrene, especially as both this and 
penicillin were given to so many of the wounded 
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A failure is recorded by Lt.-Col. R. E. Tunbridge and Majors J, H. H. 
Keall and J . V. Dacio, in an attempt to accelerate the clearing of diphtheria 
carriers by the local administration of penicillin as spray and lozenges. 

The whole presents an account of medical scientific work of a high 
order carried out often in conditions of peculiar difficulty and yielding 
many valuable results. 

Virus as organism : evolutionary and ecological aspects o£ some 
human virus diseases 

By Frank M. Burnet. 1945. Cambridge, Mass. ; Harvard University 
Press : London ; Humphrey Milford (Oxford University Press). Pp. vii 
and 134. §2. 

This small volume is an expansion of the Dunham lectures given at 
Harvard University in 1944. As the sub-title indicates, the lectures are a 
discussion on human virus disease from the point of view of an ecological 
interaction between virus and man. In the earlier chapters the author 
discusses, in a general way, reproduction, variation and survival of vinises, 
evoluton and change in virus disease and the reaction of the host to vims 
infection. He accepts the view put forward by Laidlaw and Green that 
viruses are micro-organisms which have evolved by parasitic degeneration 
from larger micro-organisms, many of them in all probability from bacteria. 
Viruses reproduce by replicating their structure at the expense of suitable 
atomic groups within the living substance of susceptible cells and the 
capacity of viruses to vary is discussed in relation to the adaptation of viruses 
to new hosts. From what is known of the evolution of virus diseases it is 
suggested that the selective survival of new mutants may within a short 
period produce a new dominant type of disease. The author points out that 
transfer of virus from animal reservoirs to man is taking place at present 
and puts forward strong arguments in support of the view that in the 
past nearly all virus diseases of man must have been derived from animal 
infections. The author’s views are illustrated in separate chapters on herpe-. 
simplex, poliomyelitis, psittacosis and related infections, smallpox, alastrim 
and vaccinia, yellow fever and influenza. This is a fascinating little boo 
written by an authority whose observations always merit serious 
consideration. 

Microbiology and epidemiology 

Edited by E. B. Babsky, I. G. Kochergin and V. V. Pawn. Translated 
from the Russian by H. P. Fox. 1945. London : Medical Publics ion. 
Ltd. Pp. 158. 15s. 

This little book, first published in the U.S.S.R. in 1943, gives in dfiee^ 
chapters by various authors an account of work carried out in 10 
Union on the prevention and treatment of typhus, cholera, tu 
the enteric fevers, dysentery, tetanus, gas gangrene and certain ' ^ 
infections of the central nervous system. Special attention npp e 
have been focussed on the preparation of bacteriophages for use m pr ^ 
laxis and treatment, but with regard to the infections concern > ^ 
convincing evidence is produced as to the efficacy of these p arn i c |din 
practice. Chapters are devoted to the control of pediculosis, o gr 
and to penicillin and a short account of antibiotics rorn 
(phytomicides) is included. In some sections, such as those o 
and tetanus, the work of Soviet laboratories has been discusse ^ resu ]ts 
to advances made in other countries ; in other chapters o y 
achieved by Soviet investigators are considered. 
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29th and 30 th March 19-10 

Tlio seventy first mooting of the Society was hold m the University of Sheffield 
on Friday and Saturday, 29th and 30th March 1940 

Communications and demonstrations 
Those marked \\ itli an asterisk nro abstracted below 

R E O. Williams and G. J. Harper. Staphylococcal luemolysms on sheep- 
blood agar plates. 

J, Ungar. Tlio ofTect of penicillin on the growth of the human type of M. 
tuberculosis. 

*A. E. Francis. Two now types of Shigella Jlexncri. 

C. L. Oakley, G. Harriet Warraok and Patricia H. Clarke. The toxins of 
Clostridium opdematicns. 

*H. McIlwain Tho metabolism of glutamine by micro organisms in relation 
to the need by hcemolytic streptococci for added glutamine m growth. 

H, N. Green. Tho effoct of environmental temperature on ischjume and 
adenosmo triphosphate “ shock ”, 

H. B. Stoner and H. N. Green The effect of bums on tho adenosine equivalent 
of tho blood. 

L. C. D. Hermitte. Tlio diagnosis of tumours by aspiration biopsy. 

H. E. Harding. Effects in tho lungs of kittens given acotyl ammofluorene by 

mouth 

G. R Cameron Some effects of acute anhydnemia. 

E J. Kino, M V Rae and M. Gilchrist. The effect of scricite, with and 
without treatment by hydrochloric acid, on the lungs of rats. 

T. A Lloyd Davies The pulmonary effects of the inhalation of manganese 
dioxide. 

I. B. Sneddon. Nutritional neuropathy in prisoners of war. 

H. J. Barrie. Constitutional non-Iremolytic hyper bilirubinffimia. 

E. C Armstrong, G. M. Bonser and L H. Stiokland. The carcinogenic 
action of 2-acetyl ammofluorene on various strains of mice. 

R J Ludford Experimental analysis of the problem of sarcomatous trans 
formation of the stroma of carcinomata. 

L Dmochowski and E S. Horning. The action of cestrone on tho lymphoid 
tissues of male mice. 

J. W. Orr The induction of carcinoma of the breast m mice with methyl - 

cholanthrene. 

A Re ns haw An investigation into tho physical efficiency of coal-rmners as 
deduced from their blood sugar levels. 

Patricia H Clarke. The typing of Clostridium ccdematiens. 

G. S. W. de S ar am and M R V. Pieris ( 1 ) Epitrochlear gland showing an adult 
female filarm, tho uterus of which is stuffed with microfilaria}. *{2) Chorion 
epithehomatous tissue discovered in blood clot removed during an opera- 
tion for supposed inguinal liemm , death six weeks later with widespread 
generalised chononepithehoma. 
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T. Crawford. An unusual case of polyarteritis and polyphlebitis of the liver. 

A. J . McCall. A case of spontaneous cerebral ventriculostium. 

L. C. D. Hermitte. (1) Pictorial methods in teaching pathology. (2) Rare 
material of pathological interest. 

H. N. Green and H. E. Harding. The “ pyrophosphate kidney ”. 

S. L. Baber. (1 ) Osteogenesis imperfecta in a child of 1 7 days. (2) Islet tumour 
of pancreas. (3) Arrhenoblastoma of ovary. 

C. H. Andrewes, R,. E. Glover and Janet S. F. Niven. Lesions produced 
in mice and cotton rats by grey lung virus. 

P. Bielsohowsky. (1) Experimental basal cell carcinomata of the skin. 
(2) Experimental tumours of the intestine of the rat. 

Alan C. Lendrttm. (1) Teratoma of testis, with complex metastases. (2) 
Apocrine glands in teratoma of ovary. 


Abstracts 


576 . 851 .49 (Shigella flemeri) 
TWO NEW TYPES OF SHIGELLA FLEXNERI 
A. E. Francis 

From the Pathological Department, St Bartholomew's Hospital, London 

Type 953 (provisional Shigella flexneri typo VII) 

In June 1944 two cultures of dysentery bacilli isolated from Italian civilians 
and designated 2-193 and 2-694 were received at the Emergency Vaccine 
Laboratory, R.A.M.C., from Major W. H. Ewing, Sn. C., U.S. Army, who 
suggested that they might be strains of Boyd’s (1938, 1939-40) type V, P. • 
The new strains were found to agglutinate to the homologous titre with 0 
only two P.143 sera available ; but these were of rather low titre, and w en 
another P.143 serum was prepared, it was found that they agglutinated to on y 
one-third of the homologous titre. . > 

Absorption tests showed that absorption of a P.143 serum, having eq 
titres for both types, with P.143 removed over 80 per cent, of the ngg u ’ nir !.. 
2-193, but absorption of the same serum with 2-193 did not affect 10 
for P.143. When sera were prepared with strain 2-193, titres of 25 an ^ 
(trace) were obtained, but these sera failed to agglutinate either o wo s ^ 
of P.143 at dilutions from 1 : 20, in 'Dreyer tubes after 4 hours at 0 > ■ 

These sera were found to contain agglutinin in high titre for the F exne g ^ 
phase suspensions, Y and 103 B, but much less for 119B a 4 . °- r oblation 
titre of agglutinin for Flexner Y rose in one rabbit from 80 be ore ]o(e( ] 
to 2500 (trace), and in the other from 320 to 1280. In two ra 1 3 ou p. 
with Shigella sonnei, phase II, no such rise of the “ normal 1 w, r bed with 
phase agglutinin took place. Further, when one of the sera was a ^ w0 ]] 

either 2-193 or 2-694, this Flexner group-phase agglutinin was rem tjoned 

as the specific agglutinin, and it was later shown that strain . t 0 gj 3 
below) acted in the same way. It therefore seems a fair cone usion ^ gfrjgella 
contains Flexner group antigen and should be classed as ^ 1009 . 40 ). 
flexneri in continuation of the six types listed by Boyd (193 , Standards 

Strains 2-193 and 2-694 were sent to Lt.-Ool. R. F. Bridges at w 
Laboratory, Oxford, with a note that they were believe o e 
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typo, and ho roportod : “I am sure that you will bo interested to learn that 
strains 2-193 and 2-G04 aro, I think, identical with tho strain 953 which I 
brought with mo from India in 1937. Tho original strain was isolated by 
D. T. M. Largo in Quottn about 1934. Subsequently I received several othor 
strains of tho samo typo, and I have notes of isolations in Rawalpindi and Ivohat, 
so it seems that this typo was widespread about tho N.W. frontier of India, 
but certainly not common ”, Bcnstod (1939) mentions this type as having 
been identified threo times in three years out of an average number of 2000 
strains of dysentery bacilli a year. 

Ewing (personal communication, 1945) reports that tho antigenic relationship 
of strain 2-193 to Boyd’s typo V, P.143, and to tho Floxnor group lma been 
confirmed by Wheeler in tho United States, and nono of us is ablo to agree 
with No ter (1944, 1945) that 2-J93 should bo regarded ns a now typo of Shigella 
alkalescens of different antigenic typo from tho classical and the do AssLs types. 

In his report on 2-193 and 2-094, Bridges mentioned that cultures of strains 
of tho 953 typo hod shown two colony variants, ono of which was partially 
resistant to agglutination, but the subculture of strain 953 which ho sent 
consisted of uniformly ngglutinablo colonies. Strains 2-193 and 2-694 wore 
re-examined six months later, and it was found that tho majority of colonies 
on plain nutrient agar plates were of a larger and flatter typo than those 
originally seen, and these colonies had an oily sheon. Such colonies, and 
subcultures from thorn, were partially or totally resistant to agglutination 
unless first treated by boiling or with chloroform, just as was described by 
Archer (1942) in tho case of tho opaquo colony phase of tho classical Shigella 
alkalescent. This phenomenon has apparently not boon observed by Notor. 


Type 129G/7 (provisional Shigella flcxncrl type VIII) 

Two strains of this typo were received from the Central Pathological 
Laboratory, Middle East Force, in 1944 and a third in 1945. It also is ft rare 
type, and was identified six times among a group of 109 atypical mannitol- 
fermenting dysentery bacilli studied at tho Central Pathological Laboratory. 
These were a sample of 800 such strains which accounted for 3*34 por cent, of 
dysentery bacilli isolated in tho Middle East theatre from August 1940 to June 
1943. This type is mentioned by Boyd (1940). These strains appeared to 
represent a new antigenic typo, and rabbits inoculated with suspensions of 
killed bacilli developed high-titro Flexner group-phase agglutinins for Y and 
103 B. This Flexner group agglutinin was removed by absorption with any 
of the three ( strains. 


General characters of the 71 eio types 

All strains examined were non-motile, non-sporing, non-capsulated, Oram- 
negative, aerobic bacilli, yielding smboth, hemispherical, translucent colonies 
of 1-3 mm. diameter on nutrient agar after 24 hours at 37° C. All were methyl 
red- and indole-positive and Voges-Prosknucr- and citrate -negative. All 
fermented glucose and mannitol within 24 hours, producing acid but no gas, 
and they failed to ferment lactose, sucrose or salicin within 14 days. Dulcitol 
was fermented by strain 953 after 2 days, but only slight transient acidity 
was produced by 2-193 and 2-694. Strains of type 1290/7 all failed to ferment 
dulcitol. Arabinose, rhamnose and maltose were fermented by all threo strains 
of type 953. Two strains of typo 1296/7 formed acid in rhamnose after 5 days, 
but all threo strains failed to ferment arabinose or maltose within 14 days. 

Nono of the strains showed significant agglutination with sera of the six 
recognised Flexner types]|or the six Boyd types (except type 953 with Boyd V, 
P.143, as already noted), with sera for Shigella sonnei, shigee or schmitzi , with 
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sera for the Sachs non-mannitol-fermenting types, or -with Salmonella 0 sera 
including factors up to XXX. None of the strains was agglutinated by sera 
containing the alpha agglutinin described by Stamp and Stone (1943-44), anti 
sera prepared from the new Shigellas did not agglutinate suspensions of alpha- 
containing strains of paracolon bacilli. 

Summary 

Three strains of each of two new types of dysentery bacilli have been 
examined. With each type, inoculated rabbits developed higli-titre agglutinin 
for Flexner group-phase bacilli as well as specific agglutinin, and absorption of 
these sera by strains of homologous type resulted in the removal of both 
homologous and Flexner group agglutinin. 

It is suggested that the type represented by strains 953, 2-193 and 2-C94 
should be designated Shigella flexneri, type VII, and the type represented by 
strains 1296/7, 1320 and 356 Shigella flexneri, type VIII, in continuation of the 
series described by Boyd (1939-40). 


REFERENCES 

Archer, G. T. L 1942. J. Roy. Army Med. Corps, bare, 

109. 

Bensted, H. J 1939. Ibid., lx.xiii, 342. 

Boyd, J. S. K 1938. J. Hyg., Camb., xxxviii, 477. 

„ 1939-40 . Tram. Roy. Soc. Trop. Med. Hyg., 

xxxiii, 553. 

„ 1946. This Journal, lviii, 237. 

Neter, E 1944. Proc. Soc. Exp. Biol, and Med., lvn, 

200 . 

„ 1945. J. Immunol., li, 151. 

Stamp, Lord, and Stone, D. M. . 1943-44. J. Hyg., Camb., xliii, 260. 


576 . 8. 095 . 312 : 576 . 851 . 214 ( Str . hamolytim ) 

THE METABOLISM OF GLUTAMINE BY MICRO-ORGANISMS IN 
RELATION TO THE NEED BY HEMOLYTIC STREPTOCOCCI 
FOR ADDED GLUTAMINE IN GROWTH 

H. McIiavain 

Unit for Research in Cell Metabolism ( M.R-C •), Department 
of Biochemistry, The University, Sheffield 

Several strains of /3-hfemolytic streptococci require about 5x10 ill 
for half-maximal growth (Mcllwain et al., 1939) ; there is thus amp e or ^ ^ 

growth in tissue fluids, which are about 5 X 10 ~*M with respect o g . ^ 
(Archibald, 1945). During streptococcal growth in media containing ^ 
quantities of glutamine, the substance disappeared from the mec 1a a . ^ 0 p 
parable quantity was not found in the harvested cells- Washed a( jded 

the streptococci did not cause any change in glutamine when ia 
alone, but when it was added together with constituents of 1 10 grm m ; ne . The 
one of these — glucose — caused the organisms to decompose g u „- e ]ded 
decomposition proceeded at the rate of 1-3 pmol./mg- dry ' •/• ^ gtrepto- 
glutamic acid and ammonia. It has so far only been observe w Q] u tamin® 
cocci are reacting with glucose, which they convert into lactic aci ac id/mg- 
stimulated this process, for example from a rate of 15 to one o p 
dry wt. of organisms, dir. 
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To assess tho significance of this procoss m relation to the noed of the 
streptococci for added glutammo in growth, tho behaviour of organisms not 
needing pro formed glutammo has been compared with that of tho streptococci 
Staphylococci could synthesise glutammo from ammonium glutamate m tho 
presenco of glucose Yeasts {Saccharotnyccs ccrcvtsuc and & cWipsmtfcus), like 
tho streptococci, decomposed glutammo during thou metabolism of glucose, 
but wero also capable of synthesising it from ammonium glutnmnto Proteus 
morgana decomposed glutammo independently of glucoso metabolism by an 
enzymo winch was casiU extracted by grinding or autolysing tho colls This 
appeared to bo a simple ‘ glutnrmnaso , in contra distinction to tho more 
coraplox streptococcal system, which lias not yot been extracted from tho 
organisms Tho oxnctmg ha molytic streptococci aro thus tho only organisms 
of those examined which require glutammo in growth, and which, while 
decomposing it during roaction with glucoso, have no power to synthosiso it 
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6i6 68i — 006 . 496 
CHORIONEPrPHELIOMA TESTIS 

G S W de Sauam and MVP Prams 
Trom the Colombo General Hospital , Ceylon 

Clinical summary Hie patient, a man net 50, was admitted on 20 7 43 
with a swelling in tho right inguinal region of 2 years’ duration It was hard 
and tender, and when first noticed was about tho size of on almond Within 
tho last 2 months it had increased in size and had become increasingly tender. 
At operation on 27 7 43 a swelling 5x2 inchos w-as found, extending from the 
external abdominal ring into the right side of the scrotum This consisted in 
its lower half of a cyst filled with degenerate blood clot intimately adherent to 
the cord and to tho distal end of a hernial sac which was traced to the external 
abdominal ring Sac, cord and cyst were all excised The right testicle was 
absent from the scrotum and had been so from birth 

Histological findings Tho tissue consists almost entirely of blood clot 
except for one small cellular area The majority of the colls are largo and 
pale, with large irregular single, double or multiple nuclei, caoh possessing one 
or more nucleoli and showing peripheral chromatin condensation Interposod 
irregularly amongst these cells are large syncytial eosinophilic masses with 
irregular outlines and aggregated pyknotio nuclei No testicular tissue can be 
made out The section is ono of chorionepithohoma A rnedmann test carried 
out 5 days later was positive, and X ray examination of lungs and skeleton 
showed no secondary deposits 

After history Tho patient was discharged on 13 8 43, but returned 15 days 
later with ex tens i\ e involvement of both lungs (confirmed by X ray) and 
evidence of deposits m the brain The spleon was enlarged one inch below the 
costal margin He died on 3 9 43, 38 days after operation 

Autopsy The body was much emaciated and the organs were riddled with 
secondary deposits of purplish red growth Tho third right costochondral 
junction contained a secondary deposit H inches m diameter Tho right pleural 
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cavity contained 15 oz. of deeply blood-stained fluid and there was fibrinous 
pleurisy over the lower and posterior aspects of the right lung. Both lungs 
were densely infiltrated with deposits ranging up to 2| inches in diameter. 
One of the masses in the right upper lobe had ruptured into the pleural cavity. 
A nodule £ inch in diameter was present in the upper part of the right lobo of 
the liver. The spleen contained several nodules up to one inch in diameter, and 
in both kidneys there were several small nodules, the largest £ inch in diameter. 
An ulcerated nodule one inch in diameter was present in the jejunum. The 
cerebrum contained several deposits J-lI inches in diameter, including one in 
the left occipital pole. The right inguinal region showed no evidence of growth. 

Microscopically all the deposits show the structure of a chorionepitlielioma, 
with abundant syncytial masses and Langlian’s cells with many mitoses. 

Remarks. It is to be assumed that the primary growth, a teratomatous 
chorionepithelioma, originated in an undescended testicle on the right side. 
The short post-operative history of 38 days and the presence of secondary 
deposits in the spleen and jejunum are of interest. 
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576 . 8 . 094 . 7 

S HAP E AND MOTILITY OF BACTERIA 

Adrian us Pijper 

From the “ JnstitutU vir SieJcteJcundo ”, 

University of Pretoria, South Africa 

(Plates XLIV-XLIX) 

“ Thus once again we meet, in these lower forms, the spiral 
organisation which is so common a feature in plants. The 
conclusion is unavoidable that this prevalence of spiral structure 
reflects some underlying vital principle that is common to the 
whole of the plant kingdom ” (Astbury and Preston, 1940). 

Many kinds of bacteria, usually described as rods, are helices or 
“ spirals ”, and the appendages of such bacteria, usually called 
flagella, are a result of motility and not motile organs. Most of the 
present work on this subject was done on B. typhosus , but observations 
on B. proteus , B. megatherium , B. cereus , B. sublilis, B. jluorescens 
and others indicated that this new conception of shape and motility 
applies widely. For the purposes of this paper “ bacteria ” means’ 
most of the “ Eubacteriales 

Bacterial flagella : stained preparations 

The invisibility of flagella with ordinary microscopy has led to the invention 
of numerous staining methods, satisfactory to their authors, but usually a 
failure in other hands. Often mucous threads attached to bacteria have been 
stained and regarded as flagella. Instances are the denial by van Niel (1923-24) 
of Ellis’s claim (1902, 1903-04) that certain sarcinse possessed flagella, and the 
supposed flagellation of B. tularense, refuted by Hesselbrock and Foshay (1945). 
Zettnow, inventor of a much used staining method (1899), admitted later 
(19186) that he could not always differentiate between “mucous threads” 
and flagella, especially when mucous threads showed a wavy appearance, and 
added that such structures should only be regarded as flagella when motility 
had first been established ! Hinterberger (1921) similarly warned against 
confusing what he called “ Myzele ” with true flagella, but his basis for 
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Fig. 1.— Drop of broth culture A • 
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Firstly the surprisingly small number of flagellar appendages seen in viscous 
colloid solutions cannot- bo duo to a largo number having become plaited 
together, because normal motile bacteria swimming in thin water}' solutions 
ordinarily show exactly the same small number of flagellar appondagos. Secondly 
the particularly thick appearance of the appendages is duo to a coating of 
gelatin or gum which precipitates from the solution on to their surface. Watching 
a preparation for a couplo of days showed that eventually tho coating breaks up 
into small granules which then slido up and down tho spiral appondages and 
Anally fly off, leaving behind very thin wavy threads (fig. 0). 

This coating process is curiously similar to that observed by mo (Pijper, 
193S) in H agglutination of B . typhosus. Hero tho process is slower and its 
stages can easily bo followed and filmed (1941a) with sunlight dark*ground 
microscopy. First granules appear on tho appendages (fig. 7). These are 
probably immune globulins. They then increase in number and coalesce into 
a continuous sheath (fig. 8). Here too tho sheath eventually breaks up into 
granules again (fig. 0). Similar findings with agglutinating sora were reported 
with tho electron microscope by Mudd and Anderson (1941). There is thus 
close similarity between tho appearance of motile bacteria in these colloid 
viscous solutions and typhoid bacilli in H serum. Obviously neither picture 
can be regarded as reflecting normal conditions. Tho thickening seen is not 
clue to plaiting but to a precipitate. 

Bacterial flagella : visibility in thin watery solutions 

The sunlight dark-ground technique (Pijper, 1931-32, 1938, 1940) 
showed that motile bacteria such as Bad. typhosum, B. proteus t 
B. megatherium and others, usually described as peritrichous, in water 
or broth ordinarily present themselves as swimming with a long tail 
(fig. 10). It really is a long-drawn-out spiral, as becomes obvious 
when speed is suddenly reduced (fig. 11). Occasionally, and usually 
at rest, the tail untwists into two spirals (fig. 12). This change is 
reversible, the tail reconstituting itself when movement is resumed. 
A more important phenomenon is that the tail, or tho two flagella, 
can untwist into a largo number of very thin wavy threads, which 
never impart movement to the bacterium and after a time drift away 
(1938). This final untwisting is irreversible. These wavy thin threads 
are visible with sunlight dark-ground microscopy, but very difficult 
to photograph : fig. 13 does not do them justice. Fig. 14 is a diagram- 
matic drawing of this irreversible untwisting process which is the 
explanation of the incongruities mentioned. It is clear now that 
during active life there are only one or two flagellar appendages per 
cell, and it is these appendages that are thickened by the precipitate 
of gum, gelatin or globulins referred to above. During staining 
processes, if one disregards for a moment “ borrowed ” flagella due 
to the “ receding tide ”, the appendages may become fixed either 
while they still form a tail (or two flagella), or later, while final un- 
twisting is taking place. The result is a bacterium with one or two 
wavy appendages, like fig. 4, or in the later stages a bacterium 
surrounded by a more or less thick fleece of wavy threads, like fig. 3. 
Ifl many cases these thin wavy threads are separated by a short 
distance from the cell. 
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Bacterial flagella : the electron microscope 

Electron microscope pictures of various motile bacteria made bv 
Piekarski and Ruska (1939) showed bacteria surrounded by varying 
numbers of long thin wavy threads, not definitely attached to the 
bacteria. Obviously these threads are the same as those seen by me 
as the result of the final untwisting of tails and flagella (fig. 14). 

Mudd and Anderson (1941) published similar pictures of E. typhosa and 
B. subtilis. Further pictures of B. sublilis by Mudd, Polevitzky, Anderson and 
Chambers (1941), where some of these threads are seen in contact with the 
cell wall, evidently do not prove continuity with that structure. Discussing 
similar pictures of F. schuylkiliensis, Mudd, Polevitzky and Anderson (1942) 
pointed out that sometimes the wavy threads seemed continuous with the 
protoplasm but that no basal granule was visible. Khaysi (1944, p. 89) thought 
that in one picture of F. cholera by Mudd and Anderson (1942) there was a 
suggestion of a basal granule (which the authors themselves did not mention), 
but added that no definite conclusion could be drawn. In a recent review Mudd 
and Anderson (1944) present numerous pictures of bacteria with these wavy 
threads lying about, some of them seemingly traversing the cell wall but in 
many more nothing of the kind is seen. Recent electron microscope pictures 
by Williams and Wyekoff (1945) of motile bacteria again show thin wavy 
threads in no way connected with the cells. In electron microscope preparations 
it would indeed be strange if the thin wavy threads never became superimposed 
on bacterial bodies. 

It appears then that sunlight dark-ground microscopy satisfactorily 
explains the incongruities of the other methods of studying flagella. 
Nothing so far has become known about the morphology of flagella 
which has not been visible in sunlight dark-ground, and this method 
must be accepted as the safest guide because it excludes artefacts. 

The thin wavy threads which can be made visible by various 
methods as surrounding motile bacteria and which during motiht) 
usually form a tail and sometimes two spiral flagella, have so ar 
been regarded as motile organs without close enquiry into mechanic* 
or function. The argument that all motile bacteria show suci 
appendages and non-motile • ones do not, and that therefore t es 
appendages must be motile organs, is bad logic, but it has een 
accepted since Loeffler’s day. Dubos (p. 47) at the end of a very 
exhaustive review concluded that “ much remains to be. learne o 
the occurrence and importance of flagellation in the bacterial w or 


Structure of bacteria 

Flagellar appendages must be connected in some way with the c ^ 
Recently a good deal more has become known of the ^ 
bacteria, chiefly through work of Knaysi (1938, 1944), an 
been amplified by the studies of Mudd and his co-workers wi ^ 
electron microscope. The terms ecto- and endoplasm a ' t0 . 
meaning : the central part of the bacterial cell is taken up 3 ^ 

plasm or cytoplasm. This is mostly a rather thin colloi m ’ 
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Fig. G. — Typhoid bacilli in gum solution : thickening of flagellar appendages has become 
granular. X 1000. 

Fig. 7. — Typhoid bacilli in H serum : granular deposit on wavy tail. X 1000. 

Fig. 8. — Typhoid bacilli in H serum : coating of flagellar appendages. X 1500. 

Fig. 9. — Typhoid bacilli in H serum : coating of flagellar appendages breaking up 
into granules, x G00. 

Fig. 10. — Typhoid bacillus with tail, in broth, swimming fast. X2500. 

Fig. 11. — Typhoid bacillus -with tail, in broth, slowing down. X 1000. 

Fig. 12. — Typhoid bacillus in broth, with toil untwisted. X 2000. 

Fig. 13. — Typhoid bacilli in broth ; flagellar appendages, untwisted into thin wa\y 
threads, floating away. X 2500. 
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it becomes condensed towards the periphery to such a degree that 
a definite cytoplasmic membrane is formed, which stains with the 
usual bacterial stains and shows up brightly in dark-ground (fig. 15), 
the central more watery region of the cell remaining dark. Fig. 16 
is a diagrammatic drawing of the bacterial cell, based on photo- 
micrographs of typhoid bacilli. " B ” is the cytoplasm, becoming 
more condensed towards the periphery. Immediately surrounding 
tliis lies the thin cell wall proper “ A ”, of non-protoplasmic material. 

It is rigid and elastic and keeps the bacterium in shape, acting as a 
sort of exo-skeleton. It can bo shown up by plasmolysis, which 
makes the cytoplasm recede (fig. 17), and also by certain stain- 
ing processes (Knaysi, 1944, p. 39). An excellent way of 
demonstrating its existence and nature is by letting a bacterio- 
phage destroy the cytoplasmic layer (Pijper, 19414). This reveals the 
cell wall as a thin membrane (fig. 18), which sometimes demonstrates 
its elasticity by being blown out into bubbles when the pressure inside 
the cell rises (Pijper, 1945). Electron microscopy has also demonstrated 
this cell wall in cases where the cytoplasm had retracted from it during j 
the drying process (JIudd, Polevitzky, Anderson and ICast, 1942), 
and especially clearly when the cells had first beon subjected to ultra- 
sonic destruction (Mudd, et ah, 1941). The chemical structure of the 
cell wall is not certain, but it is probably a complex carbohydrate. 

At any rate it separates off the live substance of the cell from the 
outer world. 

Tliis rigid cell wall is surrounded by what Knaysi (p. 44) calls the 
slime layer (fig. 16, “ C ”), which is present on the surface of most if 
not all bacteria (Henrici, 1939, p. 121 ; Knaysi, 1944, p. 44). When 
very thick it is called a capsule, as in pneumococci, although some 
authors (Dubos, p. 37) prefer this term for all bacteria. It provides 
what Stephenson (1943, p. 70) has called the slimes and gums of bacteria 
and is probably similar to the slime layer -known in algae. In some 
cases its quantity can be increased by growing bacteria at a low 
temperature in the presence of glucose (Morgan and Beckwith, 
1939a, 19394). Its origin is obscure ; it may be a gelatinised outer 
layer of the cell wall, a secretion product, a product of metaboh'sm 
or a protective organ. It cannot itself have metabolic properties, as it" 
consists of complex polysaccharides which occur in the natural state 
as long chain polymers. These vary in structure with species and even 
with strain, and this accounts for a degree of immunological specificity. 
They are very viscous, and in some cases can be drawn out to a length 
of several cm. (Knaysi, 1944, p. 44) ; this is due to the curious 
molecular structure. It has been shown (Dubos, p. 41) that the 
slime layer can be washed off or made to disappear by enzymatic 
depolymerisation without affecting the viability of the bacteria. It 
cannot be regarded as a live substance, although it contains or 
represents species-specific substances, which however are usually 
present in other parts of the body as well. 

JOCRV. OF PATH — VOI. IYJI1 % 2 
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The relationship of flagellar appendages to the structures described 
(cytoplasmic membrane, cell wall and slime layer) has received little 
attention. Zettnow (191Sa) could not follow his flagella further than 
what he called the ectoplasm. There is no morphological evidence 
that flagellar appendages ever reach the cytoplasm, nor is there a 
basal granule. 

Fuhrmann claimed to have seen a bundle of twisted flagella go through the 
cell wall at the polar end of Sp. volutans and become attached to a blepharoplast. 
This was completely refuted by Meyer (1912, p. 117) and in any case Fuhrmann 
offers only drawings to back his opinion ; his photomicrographs merely show 
a number of thin wavy threads lying about. It is also known that bacteriophage 
action destroys the cell but leaves flagella intact (Luria, 1913). Direct attach- 
ment to the cell wall has not been demonstrated and, even in the best photo- 
micrographs of stained preparations, there is often a gap between flagella and 
cell wall (fig. 3). Nevertheless there is a belief — and Dubos (p. 44) still mentions 
it as a possibility — that flagella grow from the cytoplasm through holes in the 
cell wall. Now it is shown above that flagella during activity form a twisted 
tail (fig. 10), which is a bundle of very thin wavy threads, sometimes numerous 
enough to form a fleece around the bacterium if they unwind completely (figs. 3, 
13 and 14). During activity there would then be an arrangement diagram- 
matically represented in fig. 19. Apart from the biological novelty of having 
a rigid cell wall pierced by such a number of motile threads, all tightly fitted, 
this would cause a very strained position mechanically. Motility of each thread 
would start inside the cell and he transmitted along the rectangular bend after 
the threads pierce the cell wall through a tightly fitting hole. What would 
happen at a sudden reversal of motion is still more difficult to understand. 

The only place left where flagellar appendages can originate is the 
slime layer, as illustrated in fig. 16, “ D This would explain why 
in stained preparations there is so frequently a gap between cell wall 
and flagella. It also fits in with the observations that flagella and 
slime layer have similar staining reactions and that neither is essential 
for the life of the cell. I have shown (Pijper, 1938, 1941a) that the 
specific precipitate which descends on the flagella as the first stage 
in H agglutination descends on the slime layer as well. Flagella an 
slime layer therefore must have much in common. 

Flagella in animals 

In contrast to bacterial flagella, animal flagella, especially those of protozoa* 
are easily seen in action by ordinary microscopic methods ; they stain re 
and are much larger. As stated by Gray (1928, p. 2), in the protozoa wc> 
flagella are motile organs of considerable length and each flagellum is a se P 
vibratile unit with its own blepharoplast. As protozoal flagella always P™ fl5 
into the cell and there link-up with a blepharoplast, they can oeregar 
part of the protoplasm. The cell wall of protozoa being quite eri j n „ ee n a 
the cell wall of bacteria lends itself to such an arrangement. Anima 
also do not become detached so easily as bacterial flagella. 


' Analogy of animal and bacterial flagella 

The superficial similarity of animal and bacterial flagella ^ as ^ ^ oe3 no t 
much for most investigators. Similarity in appearance, howeve , 
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Plate XL VI 

Fig. 14. — Diagram of typhoid bacillus : flagellar appendages untwisted into numerous 
thin wavy tlireads, getting detached from body. 

Fig. 15. — Typhoid bacillus showing dark centre and bright cell walls. X 1500. 

Fig. 16. — Diagram of typhoid bacillus, showing cytoplasm (B), cell wall (A), slime layer 
(C) and wavy tail (D). 

Fig. 17. — Plasmolysed typhoid bacilli, showing cell wall from which the protoplasm 
has receded, x 1000. 

Fig. 18. — Phage-eaten B. megatherium, showing cell Avail and destroyed cytoplasm' 
X 600. 

Fig. 19. — Diagram of Iioav thin Avavy tlireads would pierce cell Avail to reach cytoplasm. 
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establish analogy. The assumed analogy made it appear superfluous to look 
for other sources of motility in bacteria. Thus efforts wore concentrated on 
making bacterial flagella visible by staining, ignoring physiological and morpho- 
logical aspects. My own early efforts to make bacterial flagella visible by 
dark-ground microscopy (Pijper, 1930) led me to the employment of the mo3t 
brilliant light source available, which was sunlight. This resulted in blurring of 
the bacterial bodies (fig. 11). Preoccupation with flagella in the shape of toils 
and the fact that faster bacteria showed longer tails made me overlook the 
movement of the bacterial body, which moreover was blurred by the bright 
sunlight. 

Effect of methyl cellulose on bacterial motility 

Methyl cellulose * is a non-toxic substance, readily soluble in 
ice-cold water, forming clear solutions which become gels on heating. 
It has been used by Maryland (1943) for slowing down the in- 
conveniently rapid motility of Paramecium. 

At the suggestion of Professor R. S. Breed, Now York State Agricultural 
Experiment Station, who also supplied me with a quantity of the material, 
I investigated its effect on the motility of bacteria, with striking results. A 
solution of suitable strength provided just those conditions previous authors 
had aimed at with gelatin and gum solutions, namely a medium which merely 
through viscosity slowed down movement of otherwise very fast bacteria. This 
colloid substance, then, did not precipitate on flagella and bacterial bodies to 
any harmful extent for an appreciable time. The appearances become like a 
slow motion film of fast bacteria in broth or water. Exact data for suitable 
solutions are difficult to give, as tho effect varies with temperature, method 
of preparation and degree of motility of bacteria. A solution of 1 *5 to 2 per cent, 
methocel of the 4000 centipoiso type in saline answers well. The technique is 
to prepare graded solutions of methyl cellulose and to try each of them, placing 
a drop from a 5 mm. platinum loop on a slide and gently rubbing into it a drop 
from a 1 mm. platinum loop of a very motile broth culture. A coverslip is 
quickly put on and the preparation sealed. 

In successful preparations one sees, in sunlight dark-ground, 
bacteria with long tails, perhaps a little thicker than in broth but 
otherwise identical, swimming very slowly and with a very peculiar 
and striking movement of their bodies. The bodies exhibit a gyratory 
and at the same time an undulatory movement. They move in spiral 
fashion, bending their bodies and curving their walls. It becomes 
obvious that these bacteria are not rod- hut spiral-shaped. (It would 
be pedantically correct to speak of " helix ” and “ helicoidal ”.) With 
a binocular microscope, allowing stereoscopic vision, one is particularly 
struck by the gracefulness of the movement, which is not just a 
snake-like undulation, but a gyratory undulatory movement in space. 
The cell wall shows surprising pliability and elasticity considering its 
rigid nature. The longest bacteria show up best, but the smaller 
and even the very short can easily be followed in their contortions. 


* It is sold as“ Methocel ” by the Dow Chemical Company, Midland, Michigan, 
in four types of viscosity, and I express my gratitude to this firm for supplying me 
with material for experimental purposes. 
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Fig. 20 shows a short section from a 16 mm. cinemi orographic film 
made from such a preparation. It illustrates the spiral contortions 
quite well, but of course, represents very .inadequately what the 
motion picture shows. The sight of so many supposedly rod-shaped 
bacteria, all undulating and gyrating in spiral fashion, forces one to 
the conclusion that the spiral shape is their normal shape, that these 
undulatory and gyratory movements are quite sufficient to propel them 
and that it is unnecessary to look for special motor organs. One 
realises that this is the form of locomotion which bacteria, normally 
use. That this has so far escaped attention is largely due to the fact 
that in fast bacteria in thin watery solutions the spiral shape of the 
body becomes rather drawn out, thus approaching the shape of a rod. 
Another reason is that attention has always been focussed on motile 
organs, as in my own case where I blurred the bodies of the bacteria 
in order to make the tails visible. 

A curious phenomenon in methylcellulose, which assists dose 
observation, is that many bacteria swim in small circles. The straight 
line which bacteria in thin watery solutions seem to follow is in essence 
a large circle. The viscosity of methylcellulose solution, by impeding 
fast movement emphasises the deviation from a straight line by 
reducing the size of the circle. 

As soon as one accepts the idea that the gyratory undulatory 
movement of the bacillary bodies, which becomes so manifest 
methylcellulose solutions, is the mechanism which propels bacteria, 
one realises that appendages such as tails and flagella need no longer 
be looked upon as motile organs. 


Spiral movement of bacteria in broth 

hlethylcellulose solutions having pointed the way', other methods 
were looked for to bring out the gyratory undulatory movement an ^ 
thus the spiral shape of bacteria. For this purpose a “ slow motion 
cinemicrographic 16 mm. film was made of bacteria in broth vr e i 
moved so fast that in sunlight dark-ground no gyratory undue on 
movement could be made out. The slow motion film, having re uce^ 
the speed approximately four times, showed on the screen ac r ' 
which moved in typical spiral fashion, exactly like those in me \ 


cellulose solutions. 

Even without slow motion cinemicrography the spiral na a*® 
the motion can sometimes be seen. Fig. 22 is an instan ^ 
photomicrograph of a typhoid bacillus swimming at lug s P e ® 
broth. To the discerning eye there is a definite twist in its „ 0 J'uyis 

Further, B. typhosus, B. megatherium, B. protens ana • ^ 
were grown at room temperature in winter time (abou ' 
Pretoria), which reduced their speed very much as compa 1 ^ 
the same bacteria grown, in the incubator. All four a « 
speed showed typical undulating gyratory movemen a 




Fig. 21. As fig. 20, showing shorter bacillus, x 000 
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shape. An added advantage was that the low temperature reduced 
fission, so that much longer forms were present which showed the 
phenomenon particularly well. \ 

Shape of dead bacteria 

The conventional description of bacteria as rods is due to their appearance 
in killed, fixed and stained preparations from ordinary cultures. It was stated 
above that the faster a bacterium swims, the more drawn out its spiral shape 
becomes, thus tending to resemble a rod. Perhaps rigor mortis emphasises this 
shape. It remains curious that in bacteriological literature “ slightly curved 
rods ” are so often mentioned and depicted. Yet it is surprising how often in 
text-books and other publications one comes across pictures of definitely spiral- 
shaped bacteria where the text speaks of rods. The point is not that one come3 
across these spiral forms occasionally, but that one meets them so often, once one 
has learned to look for them. It is not enough to say they are ** slightly curved 
rods ”, for they are definitely elongated S*shaped figures, which of course means 
projections of spirals. Occasional!}’ spiral shapes have been noticed but tlieir 
meaning was overlooked, as in the observation of Knaysi (1044, p. 20) that 
“ helicoidal cells are frequently seen in such typically rod-like organisms as 
B. megatherium Similarly Gillespie and Rettger (1930) made nothing of 
what they called the “ twisting ” cells of B. megatherium , which they even 
saw winding themselves together, and Miessner, Meyn and Schoop (1931) saw 
“ twisted cells, wound together ” in Clostridium novyi, but again the meaning 
escaped them. 

The spiral shape is particularly common in bacteria that have died, or at 
least stopped moving, in methylcellulose solutions. Movement here is slower 
and the spiral broader than in broth, and the bacterium remains fixed in its 
shape in the viscous solution. By leaving motile bacteria of various kinds in- 
methylcellulose solutions tinder the microscope until movement stops, one gets 
pictures like figs. 23-32. In nearly all of these the spiral shape is obvious, 
though the longer forms show it more clearly than the short ; but there are 
many short forms that are obviously part of a spiral. 

Considering then both the shape during motility and the shape 
when Ijdng still in suitable methylcellulose solutions, which cannot be 
regarded as an abnormal medium, one must conclude that the normal 
shape of a motile bacterium is not rod-like but is that of a spiral or 
helix (fig. 33). To how many bacterial species this conception applies 
is difficult to say at the moment. It does not seem excluded that 
even those that are non-motile nowadays still preserve an indication of 
a previous more active period and shape. 

Motility and flagella 

Gray (p. 1) said that when a cell wants to do mechanical work and 
cannot undergo marked changes in form it has to use cilia or flagella. 
As here shown, motile bacteria can do their mechanical work by 
changing their form and therefore do not need flagella. 

I have shown that in motile bacteria such as B. typhosus, B. proteus, 
B. megatherium, B. subtil i3 and others, during activity, there is attached to the 
body a long tail (Pijper, 1930, 1931-32, 1938, 1940). If this tail really con- 
stituted the motile apparatus, one would expect it always to be visible, other 
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conditions being the same. This is not the case. During the many years I 
have studied bacterial tails in sunlight dark -ground there were always times 
when motility was excellent but tails almost completely absent or only faintly 
visible. This was usually followed by, a period when the same bacteria showed 
well developed tails. I have no full explanation of this phenomenon of waxing 
and waning tails, but I know that the medium is responsible to a certain extent. 
Batches of broth differ in their production of good tails, older batches usually 
being more satisfactory. Since efforts to influence tail changes in the medium 
gave uncertain results, I had to content myself with loolring for a batch of 
broth in which good tails appeared. 

The assumption that the whole flagellar apparatus which forms 
the tail is not an active motile organ but a non-essential product of 
motility suggests a simple explanation for the existence of very motile 
bacteria without tails. The assumption also explains the frequent 
failure in staining flagella of motile bacteria. 

That flagella are not essential for motility is commonly accepted for the 
Myxobacteriales, which creep or crawl without flagella. This was noticed early 
by Vahle (1909-10) with Myxococcus ruber and later with Myxocoecus xanthus by 
Beebe (1941), who thought that motion here might be caused by “ asymmetric 
excretion of slime ”. Knaysi (1938, 1944, p. 84) was probably nearer the truth 
when he suggested about sulphur bacteria that they “ creep slowly ” as a result 
of “ waves of contraction which cause periodic alterations in the form of the 
cells ”. In these cases again the authors unwittingly show pictures of S-shaped 
bacteria, like my figs. 23-33. In the case of Gyiopliaga columnans, another 
Myxobacterium, Gamjobst (1945) described a creeping movement, which was 
occasionally rapid and which could reverse. In water one end of a cell showed 
peculiar rotary or waving movements, which again seemed to him to require 
flagella, but these were never found. Incidentally, in blue-green alg® a similar 
type of motion occurs. 

These non-flagellated forms, then, execute somatic movements at °w 
speed, rather similar to those of my normally fast-swimming bacteria wren 
their speed is damped down by methylcellulose. It therefore appears that 1 n 
the faster motion which produces tails or flagella, and I have alwajs no ice 
that the faster my motile bacteria moved the longer their tails became. 

The argument that it is still the tail that provides the motion and, 
in doing so, makes the body rotate and undulate, does no ear 
analysis. The thin feeble tail can hardly have enough power to en 
and curve the rigid cell wall to the extent seen and phctograp re 
me (figs. 20 and 21). Also, sudden and repeated reversal of I0 ” 
a feature of bacterial motility. I have always been struc v J 
rapidity with which this takes place, and it is hardly thinka e 
a whole flagellar apparatus consisting of numbers of active y w ' _ 
threads twisted into a tail can swing over rapidly enoug 0 !e 
end of the bacterium and there start pushing again. Also, r ° 
beginning I have stated (Pijper, 1930) that a bacterium can 
body through an angle of 180°, so that what was the iron ter j um 
rear, whilst the visible tail remains undisturbed an p 0 | es 

goes on swimming in the same direction as before, wi l u ® 0 ] ar 
reversed. Both these phenomena, the sudden reversa an 
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Fig. 22. — Instantaneous photomicrograph of fast -swimming typhoid bacillus, shooing 
spirillar twist of body., x 1600. 

Figs. 23-32. — Motile bacteria having come to rest in methylcellulose solution, showing 
spiral shapes, x 000-1600. 
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turn-abouts, are difficult to explain on the basis of a tail as motor- 
organ, consisting of a number of active wavy threads, all firmly 
attached to some part of the body of the bacterium. If, however, the 
tail and its constituent threads are merely passive appendages, their 
explanation becomes sunplo. 

, Mechanical argumenta against fiagella as motile organs 

A motile bacterium which hna just undergone fission may go on swimming 
in a straight lmo, corresponding to the coinciding long avis of the resulting two 
bacteria. One may assume that the common slime layer holds them together 
to a certain extent. Very' often, however, one meets with structures like fig 30 
swimming along the lmo indicated by the long arrow, whilst the segment m 
front revolves round this line os indicated. With a tail as motive force pushing 
from behmd, a slime layer could hardly prevent the combination from folding 
up If however the motive forco is situated in the bodies of the bacteria the 
combination would be stable, as mdeed it is. As pointed out by Lowndes 
(1941), an elongated body dnvon in a certain direction by an outer motive 
force will be m its most stable position when its long axis is at right angles to 
the direction m which it moves. Motile bnctena aro nearly always found with 
their long axis in the direction of movement, which is to bo oxpected if thp 
body is propelled by gyratory undulating movements of the body itself. 


Physiological considerations 

If the thin wavy threads which build up the tail or flagella wero 
really motor organs, they should get their energy from somewhere. 
They do not generate it themselvos, as the shape of thp tail indicates, t 
because it does not show an increasing amplitude and wave-length from 
origin to tip. The thinness of tho constituent threads also precludes 
this ; Mudd and Anderson (1941) found them to be about 300 A. 
units thick. If they just transmitted energy, deriving it from their 
origin, which is the slime layer, the slime layer would have to act as 
a continuous source of energy of a very particular kind. Its nature 
makes this impossible. The gyratory undulating movement of the 
bacterial body being quite sufficient to propel the bacterium, it would 
also be uneconomical to introduce an additional, source of energy. 
This brings one back to the conception that flagella are better regarded 
as appendages produced from the shme layer by the spirillar movement 
of the body. In simple words, the dog wags the tail and not the tail 
the dog. 

The motive force required to propel bacteria cannot be great Their 
specific gravity is very near to that of water. There can hardly be a 
more “ streamlined ” body than a bacterium with a tail (fig. 10). 

Stability of direction must be greatly assisted by the tail and, 
once set in motion, very little energy will be needed to keep the 
streamlined structure going. A good deal of “coasting ” is probably 
done, similar to the gliding movement of goldfish in a bowl, after one 
short wave of muscular contractions has passed over its body. 
Naturally when a bacterium swerves the tail will follow in a curve^ 
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creating the illusion that it steers the bacterium. Used as one is to 
the idea of steering and propelling gear at the rear of a body moving 
through water, it takes an effort to look upon the bacterial tail, not 
as a propelling screw and rudder combined, but as at best a steadying 
though wholly passive appendage. Such a conception brings bacteria 
into line with other aquatic creatures. 

Origin of flagellar appendages 

The very viscous anisotropic polysaccharide material of the 
bacteria] slime layer consists of long-chain molecules which readily 
combine into longer micellae (Dubos, 1945, p. 38; Knaysi, 1944, 
p. 44), The gyratory undulating movement of .their bodies which 
propels bacteria subjects this material to a twisting influence. The 
slimy material hangs loosely round the body and is not firmly attached 
to the cell wall. The effect of rotation combined with forward 
movement is that the slime layer is drawn out into the tails described 
(fig. 10). The slime, when the bacterium swims fast, is in, effect 
subjected to spinning, like wool on a spinning wheel, and the result is 
similar. The dark space between body and tail, often noticeable in 
photomicrographs, is due to the slime layer at that spot not being 
sufficiently condensed to become visible in dark ground. In the 
tightly twisted tail conditions are different. These points are diagram- 
matically illustrated in fig. 37. 

Factors such as quantity and quality of the slimy material decide 
how long and how thick the tail' may become. The spiral shape of 
the tail is of course derived from the gyratory movement of the 
bacterial body and so the spiral becomes broader as motion slows 
down (fig. 11). An increase in production or in density of the shiny 
material will affect the length and visibility of the tail. Good motility 
without a properly visible tail means that there is not enough slimy 
material or that it is not sufficiently dense. The development of a 
tail is partly a question of bacterial metabolism. The observation o 
Leifson (1931) that bacteria developing from a spore show flag e a 
which increase in length with the passing of time, merely demonstrates 
that more slimy material becomes available with time. 

I have mentioned that batches of broth differ in the readiness with winch 
tails become visible in cultures. The explanation is that batches o r0 
differ in the ease with which bacteria can produce a satisfactory slime a} 
from the materials provided in the broth. This question was taken a 
farther by growing the same very motile bacteria in good broth and m pej 1 ^ 

water. Although very good motility was preserved in peptone wa 
as a rule were absent or very poorly developed as compared with t e 
in broth. Different peptones differ in their quantitative effect, 
phenomenon persists. There must be something present in good ro i 
provides bacteria with a good slime layer and which is absent in pep on ^ 

Conversely, by adding gum or gelatin to broth, particularly t 10 y. sUme 
be produced by the precipitation of the colloid material on the s0 

layer. Gum and gelatin usually cover bacterial bodies ana app 
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thickly that the bacterial bodies have difficulty in moving at all (fig. 5). Methyl- 
cellulose in suitable solution is more gentle in its effect. Solutions a little 
stronger than what is required for just slowing down motility provide a slight 
coating of the slime layer — enough to make tails more readily visible without 
paralysing motility. It may be that the molecular structure of methylcellulose 
resembles that of the slime layer and that the two substances blend easily. 

Repeated stopping and starting is a common feature of bacterial movement. 
During this the slime of the tail may flow bock round the bacterial body, with 
complete disappearance of the tail, and bo twisted into a new tail again when 
movement is resumed. It may also momentarily show broader windings 
(fig. 11) and then resume the elongated shape. 

Another feature of bacterial movement is sudden reversal of direction. What 
happens is that, at the moment of stopping, tlio slime of the tail flows back 
and surrounds the bacterial body. -Then the body starts gyrating and un- 
dulating in the opposite direction and the slimo layer is twisted into a tail at 
the other end, as illustrated in fig. 37. This is probably' the basis for the 
observations of Hutchinson and McCracken (1043), who described a tail at 
either end of a “ rod-shaped organism of undetermined identity ”, but during 
activity in dark-ground the film recorded only one tail. 

A bacterium may, as mentioned, keep on swimming in the same direction 
whilst exhibiting a polar shift, the anterior pole becoming the posterior whilst 
the tail remains in its old place. This means that the bacillary body' can turn 
a half somersault inside its slimo layer with such rapidity* that it does not carry* 
the slime layer with-it. The phenomenon exemplifies the very loose attachment 
of the slime layer to the cell wall and is illustrated in fig. 39. It is hardly 
explainable on the basis of the appendages being motile organs. 

A moving bacterium, then, must be visualised as possessing a slime 
layer which undergoes twisting all the time. Its long micellte built of 
long-chain molecules are well adapted to sliding past one another and 
becoming twisted threads. The slime layer is turned into strands of 
polysaccharides which have a tendency towards spiral shape. Full 
activity gathers them together into a tail, which may occasionally 
split into two flagella (fig. 12) and then reunite again, the material 
being very’- plastic and probably nearly perfectly elastic. 

It will depend on the nature and quantity of the polysaccharides, in 
combination with many other factors, what formation the mass of slime 
material will eventually assume. Among these factors are the varying condi- 
tions of microbial life, together with surface-tension, centrifugal forces and 
friction by the surrounding fluid. The combination of all these features will 
decide the number and localisation of appendages that will untwist themselves 
from the tangled mass of more or less pre-formed wavy threads surrounding 
the bacterial body. With short spirals such as vibrios they will more easily 
remain together and thus cause a mono- or lophotrichous appearance. Surface 
tension will be lowest at places of sharpest curvature, which will usually* be at 
or near the poles. With an elongated undulating gyrating body, where large 
areas come into play* at the same time, a number of threads may be whirled 
off, creating the impression of peritrichous flagellation (figs. 3, 13 and 14). 

The chemical varieties of the slime layer must be very numerous, 
in keeping with the wide variation in immunological specificity. 
Physical and chemical properties must be closely interwoven, and so 
there is room for a good deal of variety in the appearance of the 
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appendages that will arise. Slight temporary variations in physical 
structure are enough to explain the different types of “ flagellation ” 
so often found in stained preparations. The conception that number 
and localisation of flagellar appendages are characteristic for species 
now appears in quite a different light and can only be upheld with a 
good deal of reservation. 

This new conception of the nature of flagella does not detract 
from their interest. D’Arcy Thompson (1942, p. 71)’ held that 
“flagella” are, on account of their dimensions, mostly under the 
peculiar conditions of a surface layer and therefore a portion of matter 
in a state sui generis , with properties of its own, not quite under- 
standable to us. I suggest that amongst such properties are the forces 
which make granules of precipitated colloid material such as gum or 
gelatin run up and down the spiral threads as described above. 
Similarly it happens that in methylcellulose solutions slightly thickened 
spirals attached to motionless bacteria keep on executing spiral 
movements, apparently alternating in clock-wise and anti-elock-vise 
fashion. Such aimless movements do not imply that there is “ life ” 
in the spiral threads and are best explained as the result of stresses 
and strains in the material, on the lines suggested by D’Arcy Thompson 
(p. 406). 

Mechanism of spirillar movement of bacteria 

D’Arcy Thompson (p. 291) said that a “ mechanism ” was “ what- 
soever leads in the degradation of energy to its manifestation in some 
form of work The gyratory undulatory movement of bacteria i» 
a fact, and it is the bacterial body and not the flagellar apparatus 
which originates the movement. The energy then must come from 
the protoplasm or cytoplasm and, must act on the cytoplasm an 
cell .wall, producing spiral changes in shape. Cytoplasm according to 
D’Arcy Thompson (p. 347) is neither true fluid nor true solid ; it as 
a micellar structure which gives it a certain rigidity, plasticity, tens e 
strength and ductility, and above all it has an ability to stream an 
flow. According to Seifriz (1936, p. 6) protoplasm usually appear# 
to be quiet, but there are times when it flows rapidly. Protop asm^ 
streaming may be invisibly present in bacteria and may take p ace 
spiral fashion, as in some higher plant cells, but it is doubtful v. m ^ 
it would be powerful or fast enough to set the bacterial cel in s l ,ir 

motion. no-fO) 

Through the work of Preston (1939) and Astbury and Preston (m/ 
a good deal has become known of the structure of the cellu °~ e 
of plant cells, especially algse. Through methods of organic c mm 
X-ray analysis and polarisation optics they showed tha ^ su ^ 
walls consist of many lamellae, built of parallel fibrillm ^ C1 „ efn 
alternating spirals in the different layers. There is thus a S P ! ^ P g ^ 
in the wall of elongated plant cells. Cellulose is an agg 
cellobiose units and these are built of long molecular c ai 
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are again grouped in micella:. Protoplasm also consists of long chains 
of amino-acid residues. Preston therefore tliinks that it may "'ell 
be that the orientation of cellulose chains in tho cell ■wall is brought 
about by a similar orientation of protein chains in the protoplasmic 
surface, because naturally tho fundamental orientating spiral 
mechanism must lie in the cytoplasm. This means that in plant cells 
there would be a spiral configuration of protein molecules at the 
cytoplasm wall interface. If this holds good for bacteria, one can 
imagine that with such a spiral configuration of tho protoplasm, wave- 
like spiral contractions of the protoplasmic membrane might easily 
come about which would then induce tho cell wall to exhibit the spiral 
undulatory movement responsible for bacterial propulsion. 

Glassification of bacteria 

Recent efforts at phylogenetio classification of bacteria in the 
wider sense still make use of morphological characteristics, although 
physiological characters also are introduced (ICluyver and van Niel, 
1936 ; Stanier and van Niel, 1941). If, on the evidence here presented, 
bacteria which are usually described as rods are in future to be regarded 
as spirilla, and at the same time flagella are no longer regarded as 
motile organs but as somewhat accidental passivo appendages, 
revisions will be necessary. Such revisions might clarify many issues. 
One example may suffice hero. Starkey (1938) found spore-formation 
in V.ibrio desulfuricans and expressed surprise, because vibrios and 
spirals are not supposed to do this. If however “ bacteria ” become, 
in effect, spirals, Starkey’s finding may have a different significance. 

Summary 

In solutions of gelatin or gum, motile bacteria move more slowly 
than in broth. The gelatin or gum is precipitated on the bacteria 
and their appendages, covering them with a sheath which interferes 
with motility and produces artefacts. In solutions of methylcellulose 
such artefacts can be avoided and the bacteria are slowed down by 
the viscosity of the medium. This affords a good opportunity for 
studying the nature of their motility. It is then seen that they 
exhibit a gyratory undulating movement, like other aquatic creatures. 

That motile bacteria always exhibit a gyratory undulating move- 
ment was confirmed by malting a slow motion cinemicrographic film 
of fast-swimming bacteria in broth, and also by examining the same 
bacteria at lower temperatures, which reduced their speed. 

This spirillar motion of bacteria is sufficient to propel them and 
there is no need to invoke special motor organs like flagella. There 
is no evidence to show that the flagella-like appendages of bacteria 
act as motile organs — in fact all the evidence when critically examined 
points the other way'. 

Everything that has so far come to light as regards bacterial 
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flagella, whether by staining methods or electron microscopy, has 
been made visible by means of sunlight dark-ground microscopy, 
•which must be regarded as providing better evidence, -since it deals 
-with live bacteria in them natural state. This method has revealed 
that motile bacteria when swimming fast usually show a. long tail, 
which is seen to be a spiral when speed diminishes. It can untwist 
into two “ flagella ” and this untwisting is reversible. Complete un- 
twisting into a number of very thin wavy threads can also take place 
and this change is irreversible. It depends on the phase of untwisting 
in which a bacterium is caught by staining processes whether the 
result will be a bacterium with just one or two flagella or a bacterium 
surrounded by a fleece of wavy threads. The final picture is often 
complicated by the displacement of “ flagella ” and wavy threads 
during drying. Electron photomicrographs often show a number of 
the thin wavy threads lying about. 

Analysis of the structure of bacteria excludes the possibility that 
tails, “ flagella ” or the thin wavy threads are live organs, or that they 
are in direct communication with the living parts of the cell. There 
is no evidence from either electron pictures or stained preparations 
that it is otherwise. 

Not only does the visible gyratory undulating movement of motile 
bacteria satisfy all requirements for locomotion, but it is possible for 
bacteria grown under special conditions to swim in this fashion without ( 
showing tails or other supposed motor organs. 

The shape of a motile bacterium during activity is therefore that 
of a helix or “ spiral ” and this must be regarded as their natural 
and normal shape. They should not be described as rods. 

The motive force of bacteria resides in the cytoplasm and acts by 
means of wave-like spiral contractions which, through the cytoplasmic 
membrane, are communicated to the cell wall. _ , . 

The slime layer which covers the cell wall is through these activities 
twisted into a tail which can split into two “ flagella ” or peel off in o 
a number of thin wavy threads. This passive behaviour of the s ime 
layer explains the various appearances of flagella-like structures o 
motile bacteria. 

There is thus a vast difference between the flagella of pro ozoa, 
which are true motor organs, and the flagella-like appen ages o 
motile bacteria, which are the result of motility. _ 

The chemical nature of the slime layer and resulting 
determines a kind of immunological specificity. Its physica n 
and other factors are responsible for the number and position o 
flagella-like appendages which become visible under various con i ^ 

It is only, therefore, with great reservation that these struc ur^ ^ 
be used as differential diagnostic features. In an y cas0, ’ r | 0 
evidence here presented, most of the Eubacteriales are no ° ^ 

be regarded as rods but as spiral-shaped miorobes, a goo 
revision of bacterial classification will become necessary. 
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THE PREPARATION AND USE OF A SIMPLE 
CULTURE MEDIUM FOR LEPTOSPIRAS 

R. D. Stuart 

From the Central Public Health Laboratory, Glasgow 

Pathogenic leptospirm are more fastidious in their cultural require- 
ments than leptospirce of the bijlcxa typo but they will grow in 
comparatively simple solutions ; 10 per cent, rabbit serum in water 
(UWenhuth, 1917) is adequate. Such media, however, frequently 
fail to produce cultures sufficiently luxuriant for use in serological 
tests. More satisfactory media such as the modifications of Vervoort’s 
medium introduced by Schuffner (Davidson et al ., 1934) and by 
Korthof (1929) suffer from the disadvantage of phosphatic precipitation 
during sterilisation and are inconvenient to prepare in small quantities. 
The present medium was evolved in an endeavour to overcome these 
disadvantages. Following up the exhaustive work of Ono (1938), 
a large number of inorganic salts and carbohydrates were tested for 
their effect on leptospiral cultivation and the substances eventually 
selected were found to be helpful. The advantage of adequate 
buffering was fully confirmed but no buffer substance was found 
better than Sorensen’s phosphate mixture. All attempts to replace 
serum by simpler or more uniform substances failed. It is hoped 
to record these results in detail at a later date, but since the medium 
below has already been referred to in published work (Bucldand and 
Stuart, 1945) it seems desirable to give details of its composition. 

SIediuai 

Concentrated solutions of most of the substances used can be kept in stock 
for an indefinite period and, from these, 200 ml. quantities of the final medium 
are prepared as required. From this, small volumes can be distributed into 
culture tubes. The bulk medium remains satisfactory for about a month but 
later becomes gradually more acid, probably due to C0 2 absorption. If the 
medium is likely to be used only occasionally it ean be dispensed in 1-oz. 
screw-cap bottles and will keep unimpaired for at least a year if the bottles 
are full. 

With a sterile 10-ml. pipette the volumes given in table I are measured 
into a very carefully cleaned screw-cap bottle, the pipette being rinsed with 
boiling water between each operation. If the ingredients are pipetted in the 
order given, bacterial contamination does not appear to become established 
m the basic solutions. The mixture is steamed for 30 minutes to drive off C0 2 , 
as also, at the same time, are 20 ml. of Sorensen’s buffer solution pH 7-6 prepared 
343 
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as follows :—Na„HP0 4 . 2H 2 0 (11-876 g. per 1.) 17-6 ml.; KH 2 P0 4 (9-0'S g. 
per 1.) 2-4 ml. : 16 ml. of the buffer mixture are then added to the rest of the 
medium and sterilisation completed by steaming for one hour. 

Table I 

Composition of basic medium, less phosphate 


Material 

Concentration 

Volume 

(ml.) 

Final concentration 

Asparagin (dextro-rotary) 

M/10 

2 

M/1000 

NH 4 C1 

M/10 

10 

M/200 

MgCl, 

M/10 

4 

M/500 

NaCl 

, M/10 

CO 

M/30 

Glycerin A.R. .... 

... 

1 

0-5 percent. 

Phenol red in Aq. dest. 

0-02 per cent. 


0-001 „ 

Aq. dest. ..... 

... 


... 


For use, 2-3 ml. of the medium are pipetted aseptically into carefully washed 
tubes or screw-cap bottles, 5-10 per cent, of sterile rabbit serum is added, and 
the completed tubes or bottles are placed in a water-bath at 60° C. for one hour. 


PRECAUTIONS 

Attention to certain minor details is very important if satisfactory cultures 
are to be obtained. 

Preparation of glass-ware. All glass-ware must be scrupulously clean, smee 
even a trace of soap is lethal to leptospira in culture. Culture tubes are washe' 
and rinsed in the usual way and then steeped in phosphate buffer solution a 
pH 7-6 for twenty' -four hours before being finally rinsed and sterilised. Go 
quality cotton-wool is essential if plugged tubes are used, and plugs must no 
be flamed during use. , . 

Selection of serum. Filtered rabbit serum is best and the pH shou 
checked after filtration in case of a swing to the alkaline side. Occasions ra^ ^ 
serh are useless and these can be eliminated only by trial. The sugges , ° n 
Smith (1937) that such sera contain leptospiral antibodies due to na t 
rabbit infection applies in only a very few- instances — one rabbit 
hundred tested. Pooled guinea-pig serum, being more uniform, may e -j 
but is never quite so satisfactory. Other sera such as ox, sheep an 
are invariably inferior. PiiUure 

Inoculum. This should be heavy — about 0-5 ml. of a well IF 0 '™ __ 
into 3 ml. of medium. If cultures used for routine serological wor ' 
cultured weekly excellent growths can confidently be expected. a f tet 

Incubation. If incubated at 30° C. cultures are usually ready lorv' 
four days. Growth at lower temperatures — even room tempera ur ^^ era<e 
satisfactory but somewhat slower ; incubation at 37° C., w-hile i may 
growth in well established strains, is apt to cause rapid degenera I0n ‘ tjble to 
Weak or feebly viable strains. These strains are much more * 
variations in the quality of the serum used ; with a very g 00 ' ^ m-owth? 

trouble may he experienced, but with others one may get poor or e ' o y e ted 
which have to be built up for several weeks before they become ^ rgac jjjy 
antigens. When cultures are very feeble they may be , cu ]tivating- 

by adding fresh medium to the original culture tubes than > development 
Contaminants. Frank contamination is easily detected } trou blesome. 
of gross turbidity. Slowly growing contaminants are muc i mo ^ ^ macro- 
because for several subcultures they may cause little altera 
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scopio or microscopic appearance of the Jeptospiral culture, and tv hen their 
presence is at last recognised it may be too late to retrieve the strain from 
older pure cultures. In my experience bacteria which interfere with the 
viability of leptospira invariably cause increasing acidity, easily detected by 
the incorporated indicator. Such cultures can be purified by the method of 
rapid guinea pig “filtration” described by Schtlffner (ID40) and detailed by 
BucUand and Stuart. A simpler method, often satisfactory, is based on a 
technique of Stavitsky (1045), who used sulphnmlarmde m a concentration of 
400 mg. to 100 ml. of his medium when attempting to cultivate leptospira from 
contaminated biological material. On the evidence presented bv Jacoby 
(1945) sulphaguanidmo was tried and found much better than either sulph- 
amlamide or sulphadiazine. A saturated solution of this drug is prepared m the 
basic medium and various concentrations are used to allow for tlie variable 
resistance of different strains of leptospira. A mixture of 4 parts of the saturated 
solution with 6 parts of the ordinary basic medium is a satisfactory av erage con- 
centration. If active leptospino are still numerous in the contaminated culture 
this method is usually adequate. Slowly growing contaminants which do not 
alter the pH of the medium cause little trouble ; one strain of L, ictero- 
hcctnorrhagicc, for instance, was maintained for more than two years m association 
with an accidentally introduced strain of Bad. alkahgenes which ultimately died 
out. The leptospira! strain is still healthy three years later. Such an occurrence, 
however, is unusual 

Comparative observations on various media 

Gronth of straws of leptospira: adapted to atlificial culture 

The media chosen for comparison were those of Schuffner (1040), Korthof 
(1029), Brown (1935), Vervoort (described by Hindle, 1931) and Uhlenhutlx 
(1917). They were distributed in equal volumes m sterile test tubes. Filtered 
rabbit serum was added. The cultural quality of any medium depends largely 
on the particular rabbit serum employed, and since a very considerable variation 
exists between sera a large number of sera were used Inhibitory sera were 
eliminated by preliminary tests. Most of the tests were carried out with strains 
of L. tdcrohcemorrhagice, of which 25 different strains were used, a few with 
L. gnppo typhosa (strain Moscow V). L. camcola strains were found too 
adaptable to give satisfactory’ comparative results. Inocula were grown m a 
variety of media to avoid adaptation to any particular medium, but to make 
the test more severe they were much smaller than those used m routine work, 
one drop per ml. being the average Parallel tubes of the above-mentioned 
media and of the newly described medium (called “ A ” for convenience) were 
inoculated with equal volumes of the same leptospiral cultures and meubated 
at 27 30° C for seven days. 

Tests were carried out during routine work at intervals over 
several years and the fesults in the separate sets of tests were often 
very different The collected results are shown in table II, in which 
“ standard density ” means a density considered suitable for sero- 
logical work. 

It must be noted that all the media tested are faiily satisfactory 
for routine use and that Schuffner’s, Ivorthof’s and Brown’s will 
regularly produce excellent cultures if inoculated with adequate 
volumes of active leptospira*. Table II does not show the number 
of occasions on wliich these media produced cultures of standard 
density more luxuriant than medium “ A ”, and the severity of the 

joukn op PAtn —vol. ivm 2 A 2 
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tests undoubtedly accentuated certain minor differences, with an 
unexpected advantage to the latter medium. 

Table U 


Results of comparative cultures on medium A and other media 





Number of cultures showing standard 






density (S.D.) in 



Strains of 

Different 

No. of 





Second medium 

i 

leptosplra 

sera used 

cultures 

medium A 

second medium 




S.D. 

Percentage 

S.D. 

Percentage 


13 

29 

65’ 

47 

72 

34 

52 

Schuffner 

7 

3 

25 

16 

64 

9 

36 

Korthof 

25 

4 

36 

18 

60 

11 

30 

Brown * 

7 

3 

12 

8 

67 

2 

17 

Vervoorf 

4 

2 

14 

9 

64 

0 

... 

TJhlenSmth 


* This test was particularly severe, since 10 of the strains used were old and feebly viable ; 8 did not 
grow in Brown's medium and 2 did not grow in " A ”, 


Isolation op leptospibje from infected animals 

Most of the comparative tests were made by distributing one or two drops 
of infected guinea-pig’s blood into parallel tubes of culture media as before. - 
few isolations were accomplished by direct culture of small pieces of rats’ kidney.-. 
Cultures were examined at intervals up to three weeks. 


Seven strains of leptospirse were obtained from cultures in 23 
parallel tubes of Schuffner and “ A Although parallel cultures 
were rarely alike, yet the final results were exactly equal, eaci 
medium being superior to the other on nine occasions and equa on 
five. Similar results were obtained in a smaller comparative sene, 
with Korthof’s medium, which was superior to “ A ” on two occasion., 
inferior in other two and equal twice. 

Results with the same strain and the same culture me mm ca 
often be dramatically different on different occasions an P r ® ^ - 
depend on the power of adaptation of individual organisms to a 
conditions. This is well exemplified by the instance shown m a ® ’ 

where similar volumes of infected blood obtained by heart r 

on different days were introduced into parallel tubes o c u 
and “ A ” media. 


Maintenance of stock cultures of leptospirce 

One of the main difficulties in leptospiral work is the mainte 
of strains without frequent subculture. For several 5 e ^ r ® ^ 

Fletcher’s (1927-28) medium tubed in 5 ml. volumes, and ftr 

leptospirce kept at room temperature generally remame cu i turc ; 
one month and often for two months, while mfrequem j ^ 
lived for longer than three months. The duration of via y ^ j 0 

largely on the luxuriance of the cultures. Rich cu 
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die out more rapidly than poor cultures and the luxuriance of the 
growth in Fletchei ’s medium militated against prolonged life The 

Tablf in 


Success ue blood cultures from a guinea pig inoculated unth rat kidneys 
( Same batch of medium used m both instances) 


1 

i 

Guinea rig heirt puncture 1 Incubation (dav«) 

Growth of lepto plra lu 

SchQffncr 

A 

21/10/40 l 3 

_ 

__ 

1 7 



SO 

1 S 

sc 


1) 

*c 

+++ J- 

23/10/40 1 

6C 

sc 

5 

SC 

sc 

S 

ec 

sc 

12 

*r + + 



Sc = scanty (less than 10 leptospirc m a low power field) 

+ to -f + t-+ «= gradations in culturo up to maximum luxuriance 


‘ A ” medium with the addition of 0 1 to 0 2 per cent of agai suffered 
from the same defect Out of 125 cultures only 118 survived for five 
weeks Even when cultures m Fletcher’s medium or m this variation 
of the * \ ” medium appeared viable microscopically, it was fiequently 
necessary to subcultivate to strictly fluid media (Schuffner, Ivoithof, 
* A ”, etc ) to revive the organisms Tluid media alone, how e\ er, 
were mfenoi to the semi solid media mentioned above, and the “ A ” 
medium was somewhat less satisfactory than Schuffner’s or Koithof’s 
Mmo (1941) published a special method for preserving cultures m 
which roughly 8 per cent of fresh guinea pig’s blood was thoroughly 
mixed with Korthof’s basic medium and then pipetted into narrow 
tubes previously treated with liquid paraffin In a test of this medium 
13 strains of leptospira were grown m culture tubes prepared from the 
blood of one guinea pig and 11 strains in similar tubes containing 
blood from another guinea pig Only four strains of the first batoh 
and five of the second survived for one month Nevertheless two 
strains, one m each batch, were still alive and could be subcultivated 
more than seven months later One of these was successfully sub 
cultivated after a total period of 13 months 19 days I have not 
investigated the matter further, but this finding suggests that Mino’s 
method might he more successful if his technique were more fully 
described than in his original paper Mmo’s use of guinea pig blood 
suggests that guinefe pig serum might be better than rabbit serum, 
since it rarely produced such luxuriant growths Accordingly I 
tested 20 strains of L icterohaimorrhagiec in 3 ml volumes of my 
“A” medium prepared from several different batches of pooled 
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guinea-pig serum. Records kept over several months gave the results 
shown in table IV. 

Table IV 


Viability of leptospirce in “ A ” medium with guinea-pig serum 


Xo. of cultures 

Number of cultures viable after (day;) 

30-40 

40-00 

' 00-75 . 

75-90 

59 

59 

... 


... 

75 

75 

74 

74 

... 

43 

43 

43 

42 

3S 


These strains of L. icterohcemorrhagice were maintained for over a 
year in medium “ A ” prepared with guinea-pig serum and were 
regularly subcultivated with success after 3-6 weeks at room 
temperature. For the purpose of maintaining leptospiral strains 
guinea-pig serum has proved more suitable than rabbit serum, np 
pooled guinea-pig serum is less variable than individual rabbit sera 
but each batch should be tested before use. 


Discussion 

The “ A ” medium described above has been in use for six years, 
but the results given in the tables are distinctly surprising o ma 
The comparative tests were carried out intermittently unng " 
period and the results were collected together immediate y e ore 
paper was written. Early results had suggested that mj me 
was as good as, but not better than, any of the others m 
use. Even yet, I think that Schiiffner’s and Kortho s me ia 
a slight advantage from a general cultural point of view, e( j av J" 
appear to be less sensitive to the quality of the serum ®^„°‘j ne[ y um 
my opinion, however, the other advantages of the o £ k as } c 

outweigh this minor disadvantage. It is simple, 2 • . e s 

medium can be prepared in 10 minutes, though ster sa 10 ocCUr 

an hour and a half longer. Phosphatie precipitation oes ^, ou$ 

The incorporation of an indicator has been very he p u jjb e ly 

occasions in drawing attention to some deviation m rea e ,p. cer in, 
to be harmful to culture or to serological test. ie ro p er ties, 

because of its experimentally discovered growth-promo in o j nll (- es the 
has the unexpected advantage of delaying, for sei era _ as j n 
drying of loopfuls of culture examined withou c0 ' - nec j a t, one 
serological tests, thus allowing more drops to e heating 

time and giving a longer period for inspection. re cJoe3 n ot 

of the medium at 60° C. has some sterilising ' a become 

interfere with its cultural properties ; a few sera, i 
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slightly cloudj f at this temperature and in such cases heating should 
be avoided if a crisp dark-ground picture is desired. 

The medium has proved adequate for the isolation of leptospine 
from infected men and animals and the use of guinea-pig instead of 
rabbit serum has made it satisfactory for the maintenance of stock 
cultures, thus eliminating the duplication of media. In comparative 
tests it lias proved at least the equal of any other commonly used 
medium and it has certain distinct advantages which have been 
indicated above. Nevertheless it shares with other media the dis- 
advantage of being dependent very largely on the quality of a variable 
biological product. — animal serum, and although it is commonly 
subjected to a liigher temperature than is usual in the preparation of 
such media it cannot be heat-sterilised ; its sterility depends therefore 
on technical skill and good luck. 

Conclusions 

A new and simple culture medium for leptospira is described and 
compared with certain commonly used media. It is satisfactory for 
the isolation of leptospine, for their maintenance in stock cultures 
and for serological work in leptospiral infections. 

The greater part of this work was completed while 1 was bacteriologist to 
the Glasgow Boyal Infirmary, and I wish to acknowledge my use of its laboratory 
facilities. In addition I desire to thank the trustees of the Rankin Research' 
Fund, the University of Glasgow, for a special expenses grant. 
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THE RELATIVE IMPORTANCE OF THE RENAL 
AND HEPATIC LESIONS IN EXPERIMENTAL 
LEPTOSPIROSIS ICTER OILEMORRHAGICA 

J. A. H. Wylie 

Sir William Dunn School of Pathology, Oxford University 


(Plates L and LI) 

In tlie course of a study of the pathogenesis of experimental Weil’s 
disease, a strain of Leptospira icterohcemorrhagice has been maintained 
in a state of virulence by passage through guinea-pigs. Post-mortem 
examinations earned out as a routine on the animals dying of this 
infection revealed surprising variation in the extent of liver necrosis, 
a lesion to which earlier workers have attached first importance 
(Stokes and Ryle, 1916 ; Stokes, Ryle and Tytler, 1917 ; McNee, 1919- 
20 ; Buchanan, 1927). In spite of this, no alteration in the survival 
time of the guinea-pigs, which for this strain was stable at 8 days for 
an animal of 300-400 g. weight, was noticed, nor did there appear to 
be any difference in the intensity of the jaundice in those in which 
little or no hepatic parenchymatous necrosis was visible. These 
casual observations led to enquiries being undertaken into the cause 
of death in the experimental animal and attention was turned to the 
kidney, which has long been recognised to bo damaged in leptospirosis. 
Indeed the clinicians of the latter part of the last century, doubtless 
influenced by the work of Bright (1836) and lacking elaborate diagnostic 
facilities, paid more attention to the renal manifestations of human 
Weil’s disease than to the hepatic. 

Methods and mateiuals 
Experimental animal 

The experimental animal used throughout this investigation was the 
guinea-pig. Only animals weighing 300-400 g. were used, with equal numbers 
of the two sexes. The diet comprised an excess of the following articles : — 
moistened bran, alfalfa (Lucerne), and brassica leaves or Swedes. The animals 
were fed each day. This diet has been found to be adequate for the maintenance 
of perfect health in the guinea-pigs used by the Emergency Public Health 
Laboratory, Oxford, for routine diagnostic purposes. 

Strain of Leptospira icterohremorrhagiaj 
The same strain of L. icterohcemorrhagice was used throughout. It was 
obtained from tiie kidneys of rats infesting an Italian prisoner-of-war encamp- 
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ment in which two serologically established cases of Weil’s disease had occurred, 
both of them of the severe jaundiced type. The organism was maintained over 
the required period by continuous guinea-pig passage carried out in the following 
manner. Two guinea-pigs were maintained as a reservoir for the strain. As 
soon as possible after the death of an animal the kidneys were removed, cut up 
with scissors into a pulp and suspended in one-quarter strength Ringer’s solution. 
One ml. of the resulting suspension was injected into two guinea-pigs intra- 
peritoneally. The presence of leptospirse was always confirmed by examination 
of the kidney pulp by dark ground illumination. After the first three guinea-pig 
passages the virulence ofjhe strain became stable, killing a 300-400 g. guinea-pig 
in eight days. The lesions found at autopsy were characteristic, with extensive 
hemorrhages and profound icterus. 

Experimental methods 

Twenty guinea-pigs in all were infected intraperitoneally with 1 ml. of the 
kidney suspension prepared as described above. Early on the eighth day after 
inoculation, when all the animals were in extremis, blood was taken by cardiac 
puncture and the blood urea estimated by the method of Archer and Robb 
(Harrison, 1939), the estimations being made colorimetrically against freshly 
prepared standards in a Leitz compensating colorimeter. At the same tune an 
equivalent number of normal guinea-pigs had their blood urea estimated in 
the same way. 


RESULTS 

These are summarised in tables I and II. Histological examina- 
tions were carried out on the kidneys of all these animals and figs. 1 

Table I 

Blood urea estimations on 20 normal guinea-pigs 


Animal no. 

Blood urea 
(mg. per 100 ml.) 

Animal no. 

Blood wea 
(mg. per 100 dr-) 

. i 

10-1 

11 

13-8 

2 

15-0 

12 

19-0 

3 

12-4 

13 

21-6 

4 

20-2 

14 

12-0 

5 

18-5 

15 

10-5 

v C 

23-2 

16 

16-0 

7 

18-9 

17 

20-0 

8 

9 

11-6 

13-5 

18 

19 

11-4 

13-0 

in.9 

10 

25-2 

20 


Average . 16-86 

Average . 16-64 


Total average . . 16-25 mg. per 100 inl- 


and 2 show the lesion found in all those dying from ep os P‘ ^ 
ict-eroheemorrhagica. The lesion comprises a severe engorgeme ^ 
the glomerulus, with tubular damage similar to that encoun ® 
several diseases of differing (etiology — incompatible bloo ram ^ 

(Holman, 1939), traumatic anuria (Uywaters and Mb e > 
blackwater fever (Maegraith and Findlay, 1944). 
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In view of the apparent uniformity in the degree of renal damage 
occurring in this series it was decided to attempt to vary still further 
the liver damage found to occur naturally. Sinco the original observa- 
tions of Davis and Whipple (1919) and of Miller and Whipple (1940) 
that a diet rich in protein protected the liver from necrosis in chloroform 
poisoning, a considerable body of literature has grown up on this 
subject. Himsworth and Glynn (1039-42) showed that a high protein 
diet was more efficacious in the prevention of liver damage in' 
experimental T.N.T. poisoning than a carbohydrate diet, while the 
administration of fat was detrimental to the liver. Subsequent 
investigators have demonstrated that the sulphur-containing amino 
acids, particularly' methionine, were the essential protective factors 
(GyOrgy and Goldblatt, 1937 ; Daft, Sebrell and Lillie, 1941). Glynn 
and Himsworth (1944) demonstrated in rats that methionine specifically 
inhibited hepatic necrosis caused by protein-deficient diets and 
suggested the differentiation of trophopathie from toxipathic liver 
necrosis, the former resulting from a dietary' deficiency' which 
methionine specifically' prevented, the latter being due to the direct 
action on the liver parenchyma of an exogenous toxic body in the 
prevention of which methionine was less effective. 

The experience of these workers led me to try' the effect of 
methionine upon guinea-pigs infected with L. ictcrohcemorrhagia: 

Table II 


Blood urea estimations on guinea-pigs 8 dags after inoculation 
U'ith L. icterohlcmorrhagiro 


Guinea-pis no. J , nw “^ 1 , n ( S“ m I , 

Guinea-pig no 

Blood urea 
(mg. per 100 nil.) 

i 

1 ’ 224 

11 

200 

2 ! 232 

12 

221 

3 t 220 

13 

250 

4 | 213 

14 

20(1 

5 1 21S 

15 

2-11 

C J 227 

10 

214 

7 | 210 

17 

250 

8 | 229 

18 

220 

9 I 224 

19 

219 ‘ 

10 230 

20 

24S 

Average . 223-3 

Average . 238 -D 

Total average - 

231-3 mg. per 100 ml. 


receiving an adequate diet. Forty pairs of animals were used for this 
investigation (table III), 20 of which were treated with 1 mg. per kilo 
body-weight of methionine per day, administered subcutaneously, 
while the remaining 20 pairs were left as untreated controls. All 
80 animals were inoculated intraperitoneally one after the other with 
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1 ml, of a suspension of the four kidney’s of two guinea-pigs which 
had died of the disease : this inoculum contained from 5 to 8 living 
motile leptospirm per 1/12" dark ground field. Thus it was ensured 
that each animal received approxinately the same number of infecting 
organisms. Care was taken to see that both the treated and the 

Table III 


Incidence of liver necrosis in guinea-pigs infected 
with L. icterohffimorrhagise 



Liver necrosis present 

Xo liver necrods 

Total 

1st series 

Treated .... 

< 2 

38 

40 

Controls .... 

26 

14 

40 


28 

52 

80 

1 

2nd series j 

_ I 

Treated .... 

1 

11 

12 

Controls .... 

7 

5 

12 


8 

16 

24 


control series had the same diet and that each group contained an 
equal number of each sex. All the animals died on the eighth day 
after inoculation and at autopsy careful note was made of the presence 
or absence of liver necrosis and specimens of this organ and of t e 
kidneys were taken for histological examination. 

In view of the observed variation in the incidence of hepa ic 
necrosis in the experimental disease the results pertaining to it is 
point have been analysed statistically by Mr P. H. Leslie o c 
Bureau of Animal Population, Oxford University. This investiga ion 
was repeated over 12 pairs of guinea-pigs not simultaneous „ 
inoculated, the results of which have been similarly analyse . 

Applying Yates’s correction for continuity, ire have for ie “ 
series of experiments y 2 = 29-07, P = <-001, and for tie J? ee 
series x 2 = 4-69, P<-05, > -02. In both series, therefore, the . Uj ent ' 

between the treated and control animals is significant. It is ev j ^ 
that there is little difference between the percentage of treatc 
showing necrotic lesions in the two series, and similarly for e ^ 
The average over both series is 3:52 or 5-77±3-13 g . q g per 

treated animals with necrotic lesions and 33 : 52 or 63 _i_ 

cent, of controls. + 1 nnd treated 

Blood urea estimations earned out on both contro 
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animals in every case amply confirmed the results of the first experi- 
ment described, the average figures being as follows : — 

Controls .... 212 mg. per 100 ml. 

Treated . . * . 216 „ „ „ „ 

It will therefore be seen that although methionine significantly . 
reduces the liver necrosis occurring in leptospirosis icterokaimorrhagica 
in the guinea-pig, there is no variation in the survival time after 
infection nor is the degree of renal failure in any way influenced. 

Certain other features of interest were noticed in these in- 
vestigations. Where no actual liver necrosis was to be seen in the 
control animals the whole organ was extremely friable, whereas in 
the treated animals it was much firmer to the touch. This difference 
in consistency may be accounted for by the marked shrinkage and 
wide separation of the parenchymal cells observed in the control 
series (fig. 3), but not present to the same degree in the liver of 
animals which had received the additional methionine. Here, in 
spite of engorged sinuses, little cellular damage seems to have occurred 
(fig. 4). There was no difference in the intensity of the jaundice on 
naked eye comparison of the sera depending on the presence or 
absence of Jiver necrosis. Where necrosis was extensive and confluent, 
as in four of the control series, it was found that the luemorrhages 
in the lungs, usually punctate or small (fig. 5), were much more 
extensive, often involving an entire lobe (fig. 6). Similarly, large 
hemorrhagic bulks were found in the subserosa of the intestine. These 
hannorrhagic manifestations were never seen in the groups treated 
with methionine. A possible explanation is that where liver necrosis 
is severe the clotting time is prolonged, thus allowing extravasation 
of blood to occur more readily, especially in the moving viscera. 

Discussion 

From the experiments described it appears clear that the liver 
necrosis occurring in experimental Weil’s disease in the guinea-pig 
is a variable feature and that a statistically significant reduction in 
its incidence can be effected by the administration of methionine over 
and above that contained in an adequate diet. Irrespective of the 
liver necrosis, the renal lesion seems to be uniformly severe and death 
appealed to be due invariably to renal failure. 

The relatively greater importance and constancy of the renal 
lesion in the complex syndrome of leptospirosis icterohsemorrhagica 
tended to be overlooked in the past owing to attention being focussed 
on the jaundice and the role played by the liver in its origin. Stokes, 
Ryle and Tytler considered that it was due to obstruction following 
pericholangitis but Beitzke (1916) found no evidence of obstruction. 

I have investigated the mechanism of icterogenesis experimentally 
and hope to include the results of this work in a later publication. 
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Martin and Pettit (1919) did not attempt to explain the ictero- 
genesis but significantly drew attention to the greatly increased 
blood destruction taking place in the spleen. Buchanan (1927) in 
his monograph on leptospiral jaundice examined much human and 
guinea-pig material from which he obtained a wealtli of hematological 
data and drew attention to the polymorphonuclear leucocytosis 
accompanying Weil’s disease, thus helping to distinguish it from 
epidemic hepatitis, which is usually associated with a leucopenia. 
This worker, however, gave the liver lesions first place in his description 
of the pathological changes and omitted to undertake any renal 
function tests. 

While it is unwise to draw analogies too freely from the experi- 
mental disease, it is of interest to note that', as the agglutination 
test is being more extensively employed in Weil’s disease, attention 
is being directed away from the jaundice and liver lesions. In an 
extensive survey of the leptospiroses in the Netherlands and the 
Dutch East Indies, Waleh-Sorgdrager (1939) showed that 40 per cent, 
of serologically established cases of Weil’s disease failed to develop 
signs of hepatic insufficiency, and Gardner (1943) has stressed the 
fact that absence of jaundice does not exclude the possibility of this 
disease. With the extended use of serological methods and of muscle 
biopsy (Sheldon, 1945) in diagnosis, the proportion of anicteric cases 
of Weil’s disease may well prove to be higher than has been recognised 
hitherto. Maclagan (1944), working on the colloidal gold reaction of 
the serum, finds that in diseases invariably involving the liver, such 
as cirrhosis and infective hepatitis, the reaction is positive in over 
90 per cent, of cases, whereas in sera agglutinating L. icteroJicemorrhagut 
the result is very variable. 

Recent workers on the human infection have attached greater 
importance to the renal aspect of the syndrome. Borgen and Thjotta 
(1941) describe severe anicteric cases with blood rnea values up to 
and greater than 300 mg. per 100 c.c. Borgen (1941) states that o 
finds leptospirse more consistently in kidney than in liver tissue. 
Senekjie (1944), reviewing the incidence of the human disease w 
Lousiana, states that in all thirty of his cases evidence of icna 
damage was found. In a total of 39 cases occurring among troop., 
Bulmer (1945) records 3 fatal cases, two of which were said to ia; ® 
succumbed to uraemia. All these observations on the human sew 
are in conformity with the results obtained in the guinea-pig- ^ 
been shown here that severe renal damage with greatly increas^ 
blood urea was a constant feature of animals dying of the ‘• cea ^j 
irrespective of the severity of the liver lesions in the contro s 
its mitigation by the administration of additional methionine. ^ 

The significance of the effect produced by methionine &inn 
this stage be interpreted. It has not so far been shown that ^ ain ^ ^ 
if deprived of this amino acid incur liver necrosis, as is app 
the case with rats (Himsworth and Glynn, 1944-45). 
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Lungs in spiro ciuetosis icterohjemorrhaoica 



Fio. 5. — Lungs, showing the usual appearance in tho experimental disease in the 
guinca.pig, with small areas of luemorrlmge. Tho area X is not fucmorrhagio but 
is due to a lighting effect, x 1*1. 
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Attention has already been drawn to the histological appearance of 
the renal lesions (figs. 1 and 2). The similarity to that occurring in 
other pathological conditions of widely differing {etiology has been 
shown by Maegraith, Havard and Parsons (1945). These authors 
have suggested that a state of renal anoxia is responsible for the 
lesion in this group of conditions, which they have called the 
“ syndrome of renal anoxia *\ We have obtained evidence in support 
of this viewpoint, which will form the subject of a subsequent 
communication. 

Summary 

1. Necrosis of the liver is an inconstant feature of experimental 
leptospiiosis icteroliEemorrhagica in the guinea-pig. 

2. The administration of additional methionine produces a 
statistically significant reduction in the incidence of liver necrosis. 

3. The degree of liver damage present fails to influence the 
intensity of the jaundice or the time pf survival of the animal after 
inoculation. 

4. A renal lesion comprising severe congestion of the glomeruli 
and destruction of the tubular epithelium is a constant feature of the 
disease and death appears to be due to renal failure irrespective of 
coexistent liver damage. 

My thanks are due to Professor G. S. Wilson for according me research 
facilities and to Dr R L. Vollum and Professor A. D. Gardner for encouragement 
and collaboration ; also to Messrs A. Haines, N. Smith, E Vincent and H. AxteJl 
for technical assistance. 


Addendum 

Smce this paper was submitted for publication Hutchinson and Iiis 
Colleagues (1946) have described an outbieak of Weil’s disease in the 
British Army in Italy. These authors remark upon the absence of 
hepatic damage found at autopsy in their 6 fatal cases. 
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THE BACTERICIDAL POWER OF THE BLOOD FOR 
THE INFECTING ORGANISM IN BACTERLEMIA 

0-MA.R KhAIRAT * 

From the Department of Bacteriology, University College Hospital Medical School, 
London, and the Department of Clinical Pathology , Found I University, Cairo 

The measurement of the bactericidal power of human blood presented 
in this paper was undertaken as a test of the validity of the pathogen- 
selective culture method, which was devised by Solis-Cohen (1927 ; 
see also Wright, 1915) for the selection from mixed cultures of 
organisms suitable for autogenous vaccines, on the assumption that 
the organisms which resist kilting by the patient’s fresh whole 
coagulable blood are ajtiologically important. The material to be 
examined is incubated for 24 hours with 3-6 c.c. of the blood ; after 
24 hours the clot is removed and the organisms growing from the 
remaining blood are considered to be responsible for the infection. 

Boerner and Solis-Cohen (1933) studied 404 pathogen-selective 
cultures from 150 persons. The cultures were taken mostly from the 
nares, naso-pharynx and tonsils, and in a few cases from the sputum, 
teeth, urine and fames, an anal fissure and a carcinomatous ulcer. 
These sites are exposed and heavily infected with commensals and 
secondary invaders, and the chances of isolating any “ etiologically 
important ” organism from them are remote. Solis-Cohen (1936) 
attributed the contradictory results of experiments with the method 
previously employed by various workers to the different species of 
bacteria, different species of animals and different methods and types 
of blood used. 

The validity of the assumption that the blood will kill all bacteria 
except those responsible for the infection can be tested by measuring 
the bactericidal power of an infected patient’s blood against the 
infecting strain in diseases where there is no doubt of the infective 
agent of such diseases. General infections accompanied by bacteriannia 
are clearly suitable. This communication reports the results of 22 
tests made on 21 patients with bactericemia as soon as a bacterisemia 
strain had been isolated. The series contained no patients receiving 
chemotherapeutic drugs ; the present tendency to administer chemo- 
therapeutic drugs immediately after a blood culture is taken is 
responsible for the small number of patients in the series. 
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Method 

The original blood culture was plated and a single colon}- incubated for 
24 hours in broth. About 20 c.c. of blood were drawn from the patient and 
15 c.c. immediately defibrinated with sterile glass beads. Serum from the 
remainder was used for an agglutination test with the bacteriremia organism. 
The defibrinated blood was filtered through sterile muslin, thoroughly mixed 
and distributed in 0-4 c.c. quantities in eighteen 3-in. Xl-in. tubes. One 
0-02 c.c. drop of 1-25 per cent, sodium polyanethol sulphonate (Liquoid) in 
saline was then added to half the tubes to inhibit the bactericidal power. One 
c.c. of the defibrinated blood was also used in making an agar plate to determine 
the number of bacteria originally present in the circulating blood of the patient 
at the time of withdrawal. 

Measurements were made by means of standard pipettes delivering 50 
(0-02 c.c.) drops to the c.c. Two series of 9 tubes, one containing blood alone, 
the other sulphonated blood, were seeded with 0-1 c.c. of 8 tenfold dilutions of 
culture, one dilution to each tube, the last tube in each' series being left as nn 
uninoeulated control. At the same time samples were taken from the culture 
dilutions for a surface viable count (Miles and Misra, 1938), thus ensuring a 
count of the inoculum at the time of mixing with the blood. The blood tubes 
were sampled immediately after inoculation and again after 2 hours at 37 s C., 
with shaking every 10 minutes. The sampling of the tubes containing sulphonate 
confirmed the viable count made on the culture dilutions. 

The samples were seeded by letting fall four 0-02 c.c. drops of each blood- 
bacterium mixture on to numbered sectors on each of, four well dried plates 
of an appropriate medium and the survival rate of the organisms estimated bj 
the method of Miles and Misra. The colonies developing wore counted after 
24 and 48 horns at 37° C., and after 24 hours’ incubation a loopful of eac i 
blood-bacterium mixture was streaked on to plates. 

Twenty-two tests were made on the blood of 21 bacteriajmic patients, n 
twenty instances the strains tested were isolated from the blood ; in one case 
the strain from a recurrent ulcer on the patient’s leg was used (test 19, ta e 
The organisms are listed in table II. , 

The result of test 1 is detailed in table I as an example of the metho u. • 
The a?tiological importance of the organism [Bad. coli) was clear. 


Table I 

Showing detailed results of test 1 in table II 


0 J — 

Inoculum in 0-02 c.c. of 
blood-bacterium mixture 

Mean counts of four 0*02 c.c. drops of blood-bacterium mixture j 

y-itliout sulphonate, sampled at 

With sulphonate, sal 

ii pled at 1 


<5 mins. 

2 hours 

24 hours 

<5 mins. 

2 hours 

24 hours ] 

49,200 

4920 

492 

49 

4-9 
ca 0-5 

0 

c 

u 

6 

1-7 

0-3 

0 

0 

i 

u 

20 

1-5 

I 

0 

0 

0 

C 

c 

c 

0 

0 

0 

0 

C 

C 

c 

49-0 

4-2 

0-7 

0 

C 

c 

c 

ti 

12 

0-7 

0 

C 

c 1 

c 

c 

c 

c 

0 


C, c = grades of confluent growth. 

u = mainly discrete colonies, but uncounta e. 

isolated from the blood and urine in large numbers, and 1 ^ t In a t e d to the 

urinary strains, which were biochemically identical, were agg 
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same titre (1 : 80) by the patient’s serum but were not agglutinated by pooled 
normal human sera. . 1 

For convenience, all counts are recorded as the bacterial content of a 
0-02 c.c. volume of fluid. The viable count of the 24-hour broth culture, 
estimated from a 6-drop count on 3 plates, was 2'4Gxl0 1 per 0*02 c.c. The 
concentration in the corresponding blood -bacterium mixture was therefore 
2*46 x 1 0*[o = 4-9 X 10 s per 0*02 c.c. The blood as drawn contained 3 organisms 
per c.c., so that 0-06 was present in the standard 0*02 c.c. sample of blood in 
the test, in addition to the added bacteria. A test on the defibrinated blood 
alone showed that these “ native ” organisms wero rapidly killed by the blood. 

The counts (table X) in the sulphonatod mixtures show a progressive increase 
in the numbers of bacteria. Incidentally the initial numbers of bacteria in the 
mixtures as estimated from a viable count of the culture used and as measured 
directly, immediately after mixing, are in substantial agreement. In the non- 
sulphonated tubes killing is marked oven in mixtures that had been in the 
tube only a few minutes, indicating that, os Miles and Misra pointed out, hilling 
of the bacteria continues in the blood drop after it has been seeded on to the 
agar plate. Killing is most marked after 2 lira, : twenty organisms survive out 
of 4920 and 49 are completely killed. The survivors clearly cannot he held in 
check for 24 hours, when most of the mixtures containing living bacteria at 
2 hours are overgrown. 

In table II only the counts in the non-sulplionated mixtures are recorded ; 
in all the sulphonated controls the expected progressive growth of bacteria 
occurred, showing that in all cases the sulphonate destroyed whatever 
bactericidal power the blood possessed. 


Results 

It appears from table II that susceptibility or resistance to tlio 
bactericidal power of the blood is determined by the nature of the 
bacterial species and not by the fact that the organism tested is 
responsible for the infection. Thus in seven undulant fever infections 
the blood of the hosts had in no case any bactericidal action upon 
the infecting organism : on the other hand in 5 instances (2 Bad. 
coli, 1 Bad. typhosxim “ 0 ”, 1 Staph. aureu$ and 1 viridans strepto- 
coccus) the blood exhibited marked killing properties. It is of interest 
that a sample of healthy human blood tested in a similar manner 
had no bactericidal power against the strain Br. abortus 2. 

The bacteria tested can be divided into 3 groups : 

(а) Those which were fully susceptible to the bactericidal power 
of the blood : 2 Bad. colt (tests 1 and 2) ; 1 Staph, aureus (test 3) ; 
1 Bad. typhosum “ 0 ” (test 4) ; 2 viridans streptococci (immediately 
acted upon, but survivors multiplied in 2 hours : tests 5 and 6). 

(б) Those which were slightly susceptible : I Bad. paratyphosum G 
(test 20) ; 2 Staph, albas (tests 21 and 22). 

(c) Those which were resistant : 7 Brucella abortus (tests 8-14) ; 
1 Bad. typhosum (test 15) ; I Bad. typhosum “ 0 5> (test 16) ; 1 Bad. 
paratyphosum A (test 17); I Bad. coli anaerogenes (test 18); 1 
Streptococcus pyogenes type III (test 19). 

There is some evidence that the susceptibility to the bactericidal 
power of the blood differs from strain to strain in the same species, 

jorax. OF PATH. — VOL. LVm 2 b 2 
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grades of confluent growth 

mainly discrete colonies, but uncountable 
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for although Bad. typhosuvn “ 0 ” 1 was fully susceptible, Bad. 
typhosinn “ 0 ” 2 was resistant.. 

Table II shows that there is no relationship between susceptibility 
and Gram-staining, nor is the susceptibility necessarily due to any 
specific agglutinins present in the patient’s blood, for in the Brucella 
tests there was no inhibition, whether the agglutinins were 1 : 400 
in titre or absent altogether. Again, a patient’s blood did not inhibit 
the growth of his Bacterhim typhosum although the agglutinin titre 
was as high as 1 : 1600. 

Tests 6 and 7 show' that an endocarditis virida'ns streptococcus 
was not rendered more susceptible to - the bactericidal power of the 
blood by chemotherapy. 

It will be observed that there was, in general, growth after 24 
hours when presumably the survivors had time to multiply, except 
in the case of Bad. coli 1, in which an inoculum of 49 but not of 
490 was completely sterilised, and Bad. coli 2, in which an inoculum 
of 23 but not of 221 perished. Fajerman (1937) states that the 
bactericidal power of the blood wanes after 3 hours at room temperature 
and earlier at 37° C. and von Haebler and Miles (1938) have shown 
that bacteria vary' in their susceptibility’' to the bactericidal power 
of normal blood. 


* Discussion 

For a rigorous test of the pathogen-selective culture method, the 
organisms used must be fully established as the infecting agent. In 
the series of cases examined there was, with two exceptions, no 
doubt of the role of the bacterisemic organisms in producing the illne." 
from which the patient suffered ; and a glance at the duration of t ie 
illness at the time the test w r as started show's that the infections were 
well established. The exceptions are the two cases of Staph- a _ u - 
bacteriasmia, whose reality may be doubted in so far as the specie 3 
isolated is a not uncommon contaminant of blood cultures. Hove^er. 
the organism was in both cases repeatedly 7 cultivated from the ) ooi^ 
In one case a pure culture of 58 colonies and in the other a P u 
culture of 600 colonies was grown in plates of 1 c.c. of bloo nia 
immediately 7 after withdrawal. During the time they '"ere o 
neither of the patients showed cardiac signs of endocarditis, 
other respects their disease resembled subacute bacterial en ocai • ^ 
In all 21 instances, therefore, the organism tested was esta 
the infecting agent and the results indicate that there is no con. ^ 
association between a lack of bactericidal power of t e ° ^ ( - n 
susceptibility 7 to infection by a given organism. The iaria ^ 
bactericidal power observed appear to depend not so niuc 
immune state of the patient as the nature of the infecting org ^ ^ 

It should be noted, however, that the technique emp °J ’ ] a j,| c 
strictly 7 comparable -with that of Solis-Cohen, who uses ^°| ioar -_ 
blood and holds the blood-bacterium mixture at 37 - or 
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The difference between whole blood and defibrinated blood in this 
connection is probably insignificant. The difference in the periods of 
incubation, however, is important. It is contended that blood having 
the degree of bactericidal power exhibited in some of the tests recorded 
above after 2 hours’ incubation in vitro (i.e. in conditions leading 
ultimately to a deterioration of the bactericidal power) would make 
a significant contribution to the resistance of the infected subject, 
in whom this degree of bactericidal power is presumably maintained 
for long periods. On the other hand, the survival of bacteria in the 
Solis-Cohen clot does not distinguish complete resistance of the 
inoculated organisms to the antibacterial action of the blood from a 
capacity of a few organisms to survive until the bactericidal power of 
the in-vitro clot has deteriorated. While therefore the technique 
may have an empirical justification, the unwarranted immunological 
assumption that the blood has little action on the infecting organism 
is not justified. The second assumption made by Solis-Cohen, namely 
that organisms of no etiological significance are killed by the host’s 
blood requires testing by a strictly quantitative technique like that 
employed in the above tests. It is probable that a number of the 
commensals usually encountered in mixed cultures from the mouth, 
nose, etc. will exhibit degrees of susceptibility to the bactericidal 
power of blood similar to those of the organisms tested (see, for 
example, von Haobler and Miles). 

Summary 

1. The bactericidal power of the blood of 21 patients was tested 
against the freshly isolated' organisms causing the bacteritemia. The 
marked bactericidal effect after 2 hours’ incubation with the blood 
of the host throws great doubt upon the underlying assumption of 
the pathogen-selective culture method. 

2. There is evidence that the susceptibility to the bactericidal 
power of the blood is a property of the bacterial species and that it 
may differ from strain to strain in the same species. 

3. The presence of specifio agglutinins is not constantly associated 
with heightened susceptibility of the infecting organism to the 
bactericidal power of the blood of the host. 

4. In seven cases of undulant fever the blood of the.host under the 
conditions of the test had no bactericidal power for the infecting 
Brucella strain. 
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MORPHOLOGICAL CHANGES IN THE RED CELLS 
IN RELATION TO SEVERE BURNS 

Alexander Brown 
From (he Royal Infirmary , Glasgow 

In a study of the hematological changes in burns (Brown, 1944), 
it was shown that burns involving more than 15 per cent, of the 
body surface are frequently followed by a rapidly occurring moderately 
severe anremia, the development of which is associated with a slight 
and variable increase in the mean corpuscular volume, increased 
erythrocyte fragility and increased plasma bilirubin and urobilin 
excretion. In the original publication only a preliminary report was 
made on the ohanges in size of the red cells. The results of further 
study of the material and findings obtained in the original investigation 
are now presented. These studies are concerned with the variations 
in mean corpuscular volume (M.C.V.), mean corpuscular diameter 
(M.C.D.) and mean corpuscular average thickness (M.C.A.T.), in 
relation to variations in osmotic fragility and the mechanism of 
production of the ancemia. 

Methods 

The three patients referred to here and the methods of estimation of 
haemoglobin and of saline fragility have been described in the original report, 
to which reference may be made for full details. * 

Haemoglobin was estimated plioto-electrically, using carboxyhffimoglobin 
as the pigment. Saline fragility was estimated quantitatively, percentage lysis 
in each concentration of saline being obtained by comparison with a standard 
equivalent to 50 per cent, lysis, using a Duboscq colorimeter. Q 

Red cell diameters were measured by microprojection on to millimetre-ruled 
graph paper at a magnification of 1000 diameters. Each red cell diameter 
recorded was the average of two measurements at right angles to each other. 
Evenly spread coverslip preparations stained by Leishman’s stain were used 
and 400 cells were measured in each film. 


Results 

In the original study, blood films were prepared from all samples 
of blood obtained for h hematological investigation. No significant 
alteration in the size or shape of the eryfclirocytes was apparent in 
patients mildly burned. In cases with severe burns it was evident, 
even from cursory inspection of stained films, that microspherocytosis 
was a prominent feature within a few hours of burning. It persisted 
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in gradually diminishing degree for 2-4 days after injury. Fragmenta- 
tion of red cells was observed only in films made within a few hours 
' of burning. In shell cases small irregular portions of red cells 
apparently fully hsemoglobinated and measuring 0-5-2-0 p in diameter 
were numerous. In some instances a few ghost cells and non-hamio- 
globinated fragments were also seen. In preparing the distribution 
curves illustrating changes in red cell diameter, fragmented cells were 
ignored as far as possible. These curves are not shown here, but 
• the mean values for cell diameter are contained in the tables. 


Case reports 

Case 1 (no. 46 in original sei'ics). Female aged, 10, 80 per cent, of body surface 
burned. This child sustained extensive third degree burns about 1 hour before 
admission to hospital. The findings in the 4-day survival period are recorded 
in table I. 

Tabee I 

Blood findings in case 1 


Time after burning (hours) 



1-5 

3-5 

5 

8 

18 

54 

72 


Hb. (g. per 100 c.c.) . 

1S-6 

12-1 

14-5 


12-4 

14-0 

11-2 


P.C.V. (per cent.) 

46-0 

32-0 

37-0 

35-0 

30-0 

37-5 

32-5 

30-6 

M.C.V. (c.u) . 

104 

94 

94 

104- 

83 

10S 

109 

105 

M.C.D. (pf . 

6-23 

6-56 

6-52 

6-78 

7-15 

7*75 

7-87 

]‘i5 

M.C.A.T. (yx) . 

3-40 

2-82 

2-80 

2-88 

2-OG 

2-30 

2-25, 

2-23 

M.C.F. (per cent. 

0-436 

0-440 

0-424 

0-422 

0-400 

0-373 


Ml 

NaCl) 









Residual lysis (per 

15-0 

10-0 

10-0 

S-0 

5-0 

3-0 

■> 0 , HP 


cent.) * 









Plasma f Hb (g. per 

1*5 

0*5 * 

0-6 

0-4 

<0-1 

0 



100 c.c.) 








— — 


* In this case lysis which persisted in concentrations of ^aCl above 0-50 per cent, 
t Hremoglobinaunia and hemoglobinuria were present in this case. 


On admission there was evidence of hremoconcentration. The M.Cd • 
slightly above normal, although .the average diameter was diminished. • * 
increase in the M.C.A.T. was associated with a slightly raised median corpu-cu 
fragility (M.C.F.) and with haemolysis amounting to 15 per cent., in a eo 
centrations of sodium chloride above 0-50 per cent. Haimoglobinreirufl ^ 
hsemoglobinuria were prominent features. During the period of survivfl 
M.C.D. progressively increased, the M.C.A.T. and the osmotic ra |^ 
diminished, and the hasmoglobiruemia and hemoglobinuria disappeared. 
mented cells were numerous in the first two samples hut rapidly =a PP^ ^ 
thereafter. Microspherocytes were obvious in early films and, oven in 
sample, 96 hours after injury, a few very deeply stained cells still 

Case 2 (no. 48 in original series). Female aged 7, 40 per cent- of 9 
burned. This child was admitted to hospital with severe thir c ®l F* 
about 3 hours after injury and the first samples of blood were o tain 
immediately (table II). She died three weeks later of agranulocytosis.^^ ^ 
On admission there was evidence of hrnmoconcent ration. T ie t j, n , 3 

subnormal and this was associated with a reduction in diameter n 
.in thickness. The M.C.F. was within normal limits and there 
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visible hrcmogIobim?mia nor li'cmoglobmuria At the Gth hour the spherocydosis 
had increased and the M C F. was found to be abnormally high Thereafter 
osmotic fragility returned to normal and to subnormal, m association with an 
increase in the MOD and a reduction m the MCAT 

Table IT 

Blood findings in case 2 



Time after burning (hours) 

3 

6 

10 

20 

-to 

Gif 

06 

120 

Hb (g per 100 c c ) 
PCV (per cent ) 

MOV (cu) 

SI C.D («) 

SICAT (u) 

Sf C F (per cent NaCI) 

18 7 

50 0 

76 0 

0 76 

2 10 

0 424 

12 C 

35 0 

80 0 

G 27 

2 80 

0 400 

10 7 

28 a 

80 0 

0 80 

2 14 

0 394 

12 2 

33 0 

98 0 

7 60 
o oo 

6 404 

12 0 

38 0 

93 6 

7 63 

2 04 

0 385 

12 0 

35 0 

90 5 

7 91 

1 97 

0 390 

10 1 

29 5 

98 5 

8 OS 

1 95 

0 308 

9 5 

24 5 

87 0 

7 75 

1 85 

0 352 


In tine case fragmentation of the red cells was not an obvious feature, and 
microspherocytosis was less obvious than m case 1 The change was, however, 
still visible m films 9G hours after burning 

Case 3 (no 68 tn original senes) Male aged 36, 40 per cent of body surface 
burned Almost the entire bum in this case resulted m whole shin loss The 
hiematological findings are shown in table IIT This patient survived, but was 
left with great disability owing to destruction of tissue in the hmb-> 

Table m 


Blood findings in ease 3 



Time after burning (hours) 

3 

5 

i= 

10 



D 

120 

Hb (g per 100 c c ) 

19 0 

19 I 


13 2 

17 5 

10 9 

14 0 

12 4 

PCV (per cent ) 

60 0 

50 5 

o2 5 

31 6 

40 0 

41 6 

40 0 

34 5 

MOV (c w ) 

98 0 

0ST) 

94 5 

91 0 

102 

81 0 

95 o 

103 

MOD (u) 

6 77 

C 67 

7 15 

6 92 

7 06 

7 24 

7 49 

7 66 

MCAT ( M ) 

2 73 

2 82 

2 35 

2 41 

2 60 

1 97 

1 95 

2 12 

M C F (per cent NaCI) 

0 470 

0 448 

0 454 

0 444 

0 406 

0 380 

0 360 

0 340 


Three hours after injury h'emoconeentration was a marked feature The 
MOV was normal but the values for diameter and thickness indicated a 
significant degree of spherocytosis The increase m MCAT was maintained 
throughout the first 36 hours and m the first 4 samples of blood (to 1G hours) 
there was a great increase in osmotic fragility The M C F returned to normal 
and subnormal as the cell diameter increased and the M C.A T fell to about 2 fi 
In this as in the previous case fragmentation was not an obvious feature 
even in the first specimen of blood Microspherocy tosis w as less marked than 
m the first case (case 46), and it was no longer seen after 36 hours 


Discussion 

The tliree patients described m this report are examples bf •very- 
severe burns All developed anaemia after the injur}, and in one 
(case 1) hsemoglobinsemia and hsemoglobinuna were prominent 
features 
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Investigation of a large series of burns of different degrees of 
severity (Brown, 1944) has shown that anaemia of a hmmolytic type 
tends to follow those involving more than 15 per cent, of the bodv 
surface. A summary of the changes in M.C.V. was presented in the 
original report. These were so variable as to provide inconclusive 
evidence of definite alterations in cell size due to the injury. The 
reason is clear. The mean corpuscular volume is a function of diameter 
and thickness : it may be little altered if spherocytosis is produced 
at the expense of diameter. Such a change has been shown to occur 
after severe burns. The most severe injuries are associated not only 
with microspherocytosis but also with actual fragmentation of 
the red cells, intravascular haemolysis and baemoglobinuria. Less 
severe damage is associated with microspherocytosis alone, wliich 
is obvious in stained films and is further revealed by the rise in 
the M.C.A.T. It is associated with a demonstrable increase in osmotic 
fragility. 

It has long been known that morphological changes occur in the 
blood of a burned patient, yet little information is to be obtained 
from modern works on haematology as to the nature of these changes 
and their aetiology. Whitby and Britton (1944) state that “the 
mechanism of haemolysis in severe burns has not been fully elucidated, 
but it is supposed to be due either to secondary infection, or more 
probably to absorption of haemolytic protein cleavage products”. 
Wintrobe (1942) limits himself to the statement that “ Severe hemo- 
lytic anemia with hemoglobinuria is said to occur . . . sometimes 
following cxtmsive. burns 

In reviewing the literature on the effect of heat on the blood and 
of severe burns on the patient, no reference has been found indicating 
that haemolytic protein cleavage products may he responsible for the 
production of haemolytic anaemia after such injuries. On the other 
hand, there is good evidence that heat is responsible for certain 
morphological changes in the red cells whereby these are rendere 
unduly susceptible to the physiological trauma of the circulation an 
intravascular haemolysis occurs. 

The earliest studies of changes in the red cells in burns mere 
undertaken in an attempt to explain death from burns shock. Sc iu 
(1865) observed that crenation and fragmentation followed exposing 
of the blood to temperatures of 51-52° 0. Similar finding* 
recorded by von Lesser (1880), Silbermann (1890), Burkhardt (1 
and Helsted (1906). Experimental burns in animals were ounc ^ 
be followed by similar changes in the blood within a short 
injury (von Lesser, 1880; Markusfeld and Steinhaus, 1895, ^ / 

1905). Hremoglobincemia and hemoglobinuria were o 
animals burned by scalding and in animals transfused wi 1 
from a burned animal. Isaacs el al. (1924-25) continue ie n ^ 
logical changes described in heated blood, and observed a ^ 

heated above 50° C. showed increased osmotic fragility- c 
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recorded fragmentation of red cells in two fatal cases of burns within 
1 J hours of injury. 

These experimental and clinical findings have recently been 
confirmed by Shen and Ham (1943), who demonstrated the occurrence 
of intravascular hremolysia with hminoglobinasmia and hemoglobinuria 
in several cases of severe burns. In some cases the rod cells showed 
increased osmotic fragility which was associated with microsphero- 
cytosis as estimated by inspection of stained films. It has previously 
been shown (Brown) that burned patients, roughly in proportion to 
the severity of the burn, are liable to become anaemic within a week 
of the iwjvwy and that the development of the omremia. k associated 
with a slight and variable increase in the M.C.V. and increased 
osmotic fragility of the red cells. Plasma bilirubin and urinary 
excretion of urobilin are increased (Anderson and Semeonoff, 1944). 
The greatest change in fragility was found to occur in association 
with haemoglobinmmia and hemoglobinuria in patients with extensive 
and deep burns. In the present investigation it has been shown that 
these alterations are accompanied by a demonstrable increase in the 
mean corpuscular average thickness of the red cells. The impression 
of microspherocytosis obtained from inspection of stained films (Slien 
and Ham) has thus been confirmed. 

The fundamental cause of the change in the red cells leading to 
haemolysis is probably the direct action of heat. When blood is heated 
rapidly to 51-55° C. and then immediately cooled to 37° C., the 
changes produced are exactly those which have been shown to occur 
in the burned pationt. In addition, these changes are independent 
of the fluid in which the cells are suspended (Shen and Ham). These 
authors have also shown that blood which 1ms undergone such 
changes is abnormally susceptible to mechanical trauma artificially 
produced. The probable mechanism of haemolysis in burns thus 
becomes increasingly evident. 


Conclusions 

Investigation of the morphological changes occurring in the red 
cells of three very severely burned patients has shown that fragmenta- 
tion of the red cells and microspherocytosis occur within a few hours 
of the injury. Microspherocytosis was seen in stained films and was 
shown to he associated with an increase in the mean corpuscular 
average thickness. Fragmentation of the red cells was most obvious 
in the most severely burned patient and was associated with hoemo- 
globinaemia and hremoglobinuria. , 

The morphological changes occurring in the red cells in bums can 
be attributed to the direct action of heat on the cells. The maximum 
effect is immediate fragmentation and destruction. If the damage 
is less severe microspherocytosis is produced and the affected cells 
are unduly susceptible to the physiological trauma of the circulation. 
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Depending on the magnitude and rate of haemolysis, hteinoglobinami 
and liEemoglobinuria may occur. 

The author was in receipt of a part-time grant from the Medical Research 
Council during the original investigation (1942-43). Ho desires to acknowledge 
his indebtedness to Professor J. W. S. Blacklock for permission to conduct the 
investigation in the Department of Pathology at the Royal -Infirmary, Glasgow, 
during this period. Thanks are also due to Professor L. J. Davis for helpful 
criticism. 
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A HISTOPATHOLOGICAL STUDY OF SMALL LUNG- 
WORM INFECTION IN SHEEP AND GOATS WITH 
SPECIAL REFERENCE TO MUSCULAR HYPER- 
TROPHY OF THE LUNG* 

Pei-Lin Li 

From Department of Pathology, National North-Western Medical College , 
Nan-Cheng, China 

Lungwokm infection is almost universal among sheep and goats in 
the north-west of China hut is not considered to be a serious source 
of economic loss. Heavy infections are often harboured by apparently 
healthy sheep which show no clinical evidence of infection. It is 
generally of secondary rather than primary importance, its effects 
being supplementary to those of nutritional disturbances and other 
parasitic infections. In addition, it predisposes the affected pul- 
monary tissue to secondary bacterial invasion. Since histological 
studies have revealed soveral features of interest, this zeport seems 
u arranted. 

.Mateiual and methods 

The lungs of 90 sheep and 10 goats were collected from the slaughter house 
for examination. Tile age was only noted in lambs and kids under one year. 
As a rule blocks were taken from both consolidated and apparently normal 
areas. They were fixed in 10 per cent, formalin. Paraffin sections were cut from 
5 to 10 [i m thickness, and stained as a routine with Harris’s hirmatoxyhn and 
eosin In addition, van Gieson’a stain, Heidenbain’s azan stain, Weigert’s 
reeorcin-fuchsin stain for elastic tissue and Weigert’s differential stain for fibnn 
were used from time to time. Serial sections were studied in several cases. 


Results 

Gross examination 

The presence of small lungworms ( Protostrongylus sp ) was 
indicated by raised greyish nodules and cone-shaped areas of con- 
solidation tanging from 1 to 2 cm. in diameter, just beneath the 
pleural surface. They were usually located in the dorsal border of the 
posterior lobes and it is worth noting that they were not met with in 
the interior of the lung. Smears from the cut surface usually revealed 
segments of adult worm, ova at different stages of development and 
larva; of the Protostrongylus group. On opening -the bronchi small 


* This study was aided by a grant from the Ministry of Education, China 
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lungwonns were found in varying numbers, both in tlie peripheral 
part of the bronchial tree and in the pulmonary tissue. Large Ians- 
worms were sometimes found in the larger bronchioles and branches 
of bronchi as a mixed infestation. Probably they have nothing to 
do with the raised nodules mentioned above. Cases with mixed 
infestation, however, were not included in the present study. 


Microscopical examination 


Normal histology. In order to appreciate the morbid changes, it is advisable 
to give a brief general description of the normal lungs of the sheep ami goat. 
The pulmonary tissues of these two animals are so similar that one description 
will serve for both. The visceral pleura is very thin, consisting of a layer of 
mesothelium and a small amount of subpleura) connective tissue. Time fc 
no smooth muscle in the pleura or interstitial tissue. Under normal condition; 
there are no prominent blood and lymphatic vessels. Only a few lymphoid 
cells are found in the pleura at its junction with the pulmonary tissue. The 
peribronchial and perivascular tissues and the interlobular septa also contain 
small accumulations of lymphoid cells. The bronchi and bronchioles are lined 
by ciliated columnar epithelium. The muscular coat is rather thin and ii« 
thickness decreases from above downwards. The respiratory' bronchioles are 
lined by a layer of low cuboidal epithelial cells devoid of cilia ; tho muscular 
coat is very’ thin but easily seen. In the rings surrounding the openings of 
large units of air spaces there are a few very thin muscle fibres. After careful 
search one can always discern some muscle fibres — thin fibres only— in the 
wall of the ductules. These fibres sometimes extend from the proximal to the 
distal end of the ductules but never down to the wall of the air sacs- The 
alveolar septa are very delicate structures, consisting of two layers of non- 
nucleated epithelial cells and a capillary' network. 


Morbid histology. (1) The pleura over the worm nodule (area o 
consolidation) is usually slightly' or markedly thickened. Mak 
blood and lymphatic vessels are found in a few cases. In die s« 
pleural tissue lymphoid cells were increased in number, e '^ !5 ' n ' 
the formation of lymph nodules and germ centres. Ko muse e re 
are seen in the pleura or interstitial tissue. 

(2) The larger bronchi and bronchioles are usually emp 0 
contain only' a few larvae in mucus. The mucous membrane a l’P e ^j 
normal except for an increase of mucus-secreting cells and occasio _ 
congestion. The bronchial glands are mostly normal,, but m a 
cases they; are dilated and distended with pink-staining sccre 
A larva was once noticed in the lumen of a bronchial g a n • jj, f . 
muscular coat is generally' thin and only rarely hypertrop ue ■ 
adventitia is usually infiltrated by lymphoid cells. I n ^ rna \ m 
the infiltration is extreme, with formation of lymph not u es 
centres. The terminal and respiratory' broncliioles show as a 
degree of muscular hypertrophy’, at times very market . ^j fr3 tion 
membrane appears thickened as a result of lymphoi ce nlim ber 
beneath it, while the adventitia also is infiltrated bj a s rtI - n |j r or 
of lymphoid cells. The lumina are sometimes blocked. P* 
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complete!} , by adult small lungworms or by mucus containing larva; 
The ductules show varying degree of muscular hypertiopby The 
muscle m the rings surrounding the air spaces is v ery prominent 
At times the muscle of the ductules is so much hypertrophied that 
it is even thicker than that of the respiratory bronchioles Muscle 
is not seen to hare extended from the ductules to the ivalls of the air 
sacs Adult worms, or a and larvae are also found m the ductules 
and mr sacs The alveolar septa aie thin as a rule, though sometimes 
thickened ns a result of infiltration by small round cells and poly- 
morphonuclear leucocytes or by proliferation of septal cells 

(3) The consolidated areas of lung present several features of 
special interest (o) In a few cases the air sacs are packed with 
undeveloped ova and adult norms but the alveolar walls appear 
completel} normal there is no reaction at all towards the ova 
Muscular li} pertroph} is absent 01 veiy slight Elsewhere the ova 
are in different stages of development and likewise without tissue 
reaction Lymphoid cell infiltration is present in the subpleural, 
peribronchial and perivascular tissues in varying degree but is seldom 
extreme (b) In most cases there is a maciophage reaction towards 
the developing embryos and larvae filling the air spaces Most of the 
macrophages are the alveolar phagocytes of septal origin Very 
often they spread over the surface of the ova, the developing embryos 
and larva;, forming rudimentary foreign body giant cells Sometimes 
they gather around a larva, with formation of a pseudo-tubercle 
Free foreign body giant cells and macrophages are also seen in the 
air sacs Pink staining albuminoid material is present in the alveoli 
in a few cases Precipitated fibrin, as described by Taliaferro and 
Sarles (1939), is occasionally seen on the surface of larvce and developing 
ova Larva’ surrounded by macrophages and precipitated fibrin are 
rather thin and seem to be stunted m growth The walls of the air 
sacs appear to be tluckened and infiltrated by small round cells and 
polymorphonuclear leucocytes (c) Leucocytic exudate is occasionally 
observed in the air sacs, due apparently to bronchopneumonia following 
secondary bacterial invasion Eosinophils, contrary to expectation, 
are rarely found 

Areas of collapse are often found They are sometimes infiltrated 
b} lymphocytes 01 polymorphonuclear leucocytes or both They 
may contain ova or larva; at various stages of development The 
muscle m the collapsed pulmonaiy tissue may show marked 
hypertrophy or none at all In the neighbourhood of the collapsed 
and consolidated areas, the alveoli and terminal bionchioles are often 
dilated (compensatory emphysema) and the walls of the air sacs may 
be broken down 


Geneial considerations 

(1) Localisation of the nodules The worm nodules, usually cone- 
shaped, lie immediately beneath the pleura They are located as a 
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rule in the dorsal border of the posterior lohes, are seldom found 
elsewhere and never in the interior of the lungs. It is surmised that 
the better ventilation afforded by the subpleural pulmonary tissue 
may be the determining factor for this predilection. 

(2) Tissue reaction. In all probability the adult icorms do not 
produce any seriously harmful effect on the host, as they do not 
call forth any cellular reaction, nor any humoral reaction as evidenced 
by the absence of precipitated fibrin on the surface of the cuticle. 
Whatever disturbances there are, are probably due to mechanical 
irritation or obstruction when worms are present in large numbers. 
There is increased production of mucus by the bronchial mucosa. 
The worms seem to live on good terms with the host. Dead worms 
are not found either in the bronchioles or in the pulmonary tissue. 
It is likely that when dead they are expelled by the peristaltic 
movements of the bronchial muscles. As a corollary we are inclined 
to think that living worms might strive to move against the direction 
of the peristaltic movements of the muscle, and if this is true, it may 
explain why they are found mainly in the peripheral parts of the lung. 
After examining a large number of specimens, we were able only 
exceptionally to find a few dead worms embedded in masses of 
lymphoid tissue. 

The ova, especially the unsegmented ones, do not produce am 
reaction in the host, even when there is cellular reaction towards the 
larvae and developing embryos. There are a few cases — confined to 
lambs — in which ova and larvae together produce no reaction in t ie 
host. In certain instances, however, the ova are attacked by macro 
phages — usually septal cells — which are in close contact wit 1 
surface of the ova and form rudimentary foreign body giant ce • 
As a rule only a small number of ova are so attacked, and t len a 
majorffy of the larvae are attacked also. , . , 

The larvae are most often attacked by macrophages, * ^ 
spread over the surface like a sheath, or may even form a P se “ 
tubercle enclosing the attacked larvae. In addition the cube e 
larvae is sometimes covered by a layer of precipitated fibrin. 
so surrounded appear thinner than normal : they are a PP‘ 
somewhat immobilised and stunted in growth. The presence ^ 
cellular reaction and precipitated fibrin may be regar ec as 
of a defensive mechanism. ^ , . ^ ?;U e 

It is evident from the above that there may or maj n ° -_ tenc v 
reaction towards ova or larvae. With regard to t s inc ^ g ^ c 
.two factors may be considered : the age and the immuno T0U ng 
of the affected animal. Cellular reaction is often a ,se . p e the 
animals, but we are inclined to think that age per se ca ^ en j n j 0 
sole cause and that the immunological state mus ^ ja{ 

consideration. Taliaferro and Sarles have definite y s 1 var joa? 

imm unological state determines the histologica P lC _ u ;roU j,j 

tissues of rats experimentally infected with JN . muns. 
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seem that a similar state of affairs might be present in the pulmonary 
tissue of sheep and goats in regard to small lungworm infection. 

(3) Muscle in the normal lung, (a) Pleural and interstitial tissues. 
In tiie pulmonary pleura and interstitial tissue no muscle fibres are 
found in any of the sections examined. ( b ) Musculature of the air 
spaces. The general arrangement of the muscle is similar to that 
described by Baltisberger (1921) and by Engel and Newns (1939) 
for human lungs, but the amount is less. There are some fibres in 
the rings surrounding the openings of the larger units of air spaces, 
as for instance at the proximal ends of the ductules, but they are 
very thin as compared with the thick bundles described by Baltisberger 
for human lungs. Near the periphery only occasional muscle fibres 
can be recognised, but at times they can even be found near the 
peripheral end of a ductule. We shall see later that single fibres 
must have been present, if not easily discernible, over the whole 
length of the ductule to produce the hypertrophy seen in pathologioal 
lungs. 

(4) Muscular hypertrophy in pathological cases. As in the normal 
lung, no muscle fibres are observed in the ploura or interstitial tissue. 
The musculature of air spaces, however, has an important role to 
play in infested lungs. In this respect our findings conform with 
those of previous observers upon human lungs (Engel and Newns) 
but the degree of hypertrophy is even more marked. The pre- 
dominance of muscle in the rings surrounding the air spaces is easily 
recognised, even in hrematoxylin and eosin-stained sections. Thick 
bands are usually seen, extending from the proximal to the distal end 
of the ductules, but no muscle fibres are seen in the walls of the air 
sacs. It is of interest to note that the lumina of the ductules and 
respiratory bronchioles are often partially obstructed by worms or 
mucus. 

Musculature of respiratory bronchioles. Whenever the muscle of the 
ductules is hypertrophic the muscle of the respiratory bronchioles is 
similarly affected, the muscle of these two structures being directly 
continuous. It is not infrequently observed that the muscle of the 
respiratory bronchioles is less hypertrophic than that of the ductules. 

Musculature of bronchioles. This is less frequently involved in the 
hypertrophy. Only in a few instances are thick muscle bands present 
in the wall. It was of interest to note that where the bronchiolar 
muscle is hypertrophic the muscle of the respiratory bronchioles and 
ductules is similarly affected. Obstruction is always present, albeit 
incomplete. It is thus apparent that there must be some relationship 
between muscular hypertrophy and obstruction in the bronchiolar 
system. 

It must be noted that this muscular hypertrophy does not affect 
the whole lung to the same extent and degree. As a rule hypertrophy 
is greatest in the consolidated areas. Pulmonary tissue remote from 
these areas shows little if any muscular hypertrophy. The hypertrophy 
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is more marked in the periphery of the bronchiolar system— ductules 
and respiratory bronchioles — than in the larger tubes'. 

When the hypertrophy is located in a collapsed area, muscular 
tissue is the only prominent structure under the microscope, and the 
term “muscular cirrhosis” (von Stossel, 1937) might well be applied 
to describe the pathological picture. 

(5) The cause of the muscular hypertrophy. With regard to 
muscular hypertrophy in human lungs Engel and Newus suggested 
two possibilities : it might be a congenital anomaly or it might be 
caused by some pathological stimulus. They could give no direct 
evidence as to the truth of the first possibility and our findings also 
fail to provide support for this theory. We are inclined to favour the 
second possibility — some pathological stimulus. It is self-evident 
that this stimulus may differ under different disease conditions, and 
as a result the muscular response will not be similar in distribution 
and degree. Attention may be drawn to the fact that in our cases 
the muscle of the pleura and interstitial tissue is unaffected, although 
in Engel and Newns’s case of chronic rheumatic carditis it was a 
prominent feature. The latter was due to obstruction in the pul- 
monary circulation, while in our series the hypertrophy seen in the 
'bronchioles and ductules is due to obstruction in the bronchiolar 
system. We are inclined to interpret this difference as dependent on 
the nature of the primary disease process rather than on variation in 
the animal species. In our cases another possible contributory factor 
worth considering is that the wriggling movement of the worms and 
larvae may have exerted a strong enough influence to cause hyper- 
trophy of muscle. 

We know from experience that both striated and smooth musce 
fibres are capable of rapid hypertrophy under the stress of functions 
demand. In pathology we have numerous examples of hypertrop } 
of smooth muscle in the walls of hollow organs as a result of obstruction 
in the lumen, especially when the obstruction is intermittent or 
incomplete. In lungworm infection the bronchioles are as a ru e 
partially obstructed by worms or mucus, and we might reasons ) 
expect to find muscular hypertrophy distal to the site of obstruc w- 
If obstruction is rapidly produced and complete the result wi • 
collapse. If complete obstruction is superadded in an area preuo » 
affected with partial obstruction and muscular hypertrop ij > 
result will be a combination of collapse and muscular hyper rop ‘. 
the so-called muscular cirrhosis of the lung. 

SlJ JIMARY AKD CONCLUSIONS 

1. The small lungworm of sheep and goats lives in the bronc 
alveoli and pulmonary parenchyma. It deposits its eggs 

in the alveoli. , ; cre vi ; !i 

2. The presence of small lungworm is indicated, j 
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nodules, 1-2 cm. in diameter, beneath the pleura. The nodules are 
located as a rule in the dorsal border of the posterior lobes ; so far 
they have not been found in the interior of the lungs. 

3. The cellular reactions are maerophagic, lymphocytic and eosino- 
philic. In most cases there is a macrophage reaction around both 
lame and ova, with formation of foreign body giant cells and even 
pseudo-tubercles. Precipitated fibrin is observed on the surface of 
the attacked larva* and ova. In the lamb, however, there is sometimes 
no cellular reaction at all. The difference is presumably due not only 
to the age of the animal but also to its immunological state. A small 
number of lymphoid cells is normally present in the subpleural region, 
interlobular septa and peribronchial and perivascular tissues, but in 
lungworm-infected lungs these cells are greatly increased in these 
situations, with formation of large lymph nodules and germinal 
centres. Eosinopliilic reaction, contrary to expectation, is usually 
absent. With secondary bacterial invasion the cellular exudate 
assumes the type characteristic of ordinary bronchopneumonia. 

4. In the normal lungs of sheep and goats muscle fibres are not 
seen in the pleura or interstitial tissue, while in the walls of the air 
spaces only fine muscle fibres are found : there are no thick bundles. 
Since, in the pathological conditions described, we have observed 
hypertrophic muscle bundles in the ductules, even towards the 
periphery, we may assume that, normally, fine fibres must have been 
present here to render possible the hypertrophy seen. 

5. This muscular hypertrophy is the result, of obstruction in the 
bronchiolar system. If the obstruction is slowly produced and 
incomplete, there is usually hypertrophy of the musculature of the 
terminal bronchioles and ductules ; if rapidly produced and complete, 
the result is collapse without muscular hypertrophy. If complete 
obstruction is superadded to incomplete, the resulting lesion is a 
combination of hypertrophy and collapse — the so-called muscular 
cirrhosis of the lung. 

0. The wriggling movement of the worms and larvse may be 
considered as a contributory factor in the causation of the muscular 
hypertrophy. 

7. Compensatory emphysema is usually associated with con- 
solidation and collapse of the lung parenchyma. 

REFERENCES 

Baltisberoer, W 1921 . Z. ges. Anal., Abt. I, lxi, 249. 

Engel, S„ and Newns, G. H. . 1939. This Journal, xlix, 3S1. 

vonStossel, E 1937. Bcitr. Klin. Tuberk., xc, 432. 

Taliaferro, W. H., and Sables, 1939. J. Inf. Bis., Lviv, 157. 

M. P. 



382 A. HENDERSON -BEGG AND F, FULTON 

in the yolk sac of developing eggs. This method, again, was im- 
practicable in the day to day testing of each small batch, but it was 
intended to devise such a test for the bulked vaccine of 5-10 litres 
which represented the pooling of many daily lots prior to bottling. 
The ending, of hostilities caused the further production of the vaccine 
to be abandoned before this test could be developed. 

In the early days, before experience had been gained, the daily 
batches of vaccine showed wide fluctuations in rickettsial content 
and it was essential to evaluate them individually if the pools 
made up from them were not to be significantly' diluted by inferior 
lots.. These daily batches were therefore controlled by the following 
methods. 

1 . Control of the lungs used for vaccine production. 

2. Control of the finished batches of vaccine. 

(a) Rickettsial count. 

( b ) Antigenic content of vaccine ns judged by complement 

fixation. 

Control of the lungs used for vaccine production 

In order to make certain that the material being used for vaccine 
production was of a sufficiently high standard, the rickettsial content 
of the cotton rat lungs had to be estimated. 

The method of infecting the cotton rats and of handling their 
lungs has been described by Bucklaml el al. Briefly, batches of about 
72 cotton rats were infected each day. These rats, arbitrarily classifie 
into G groups of 12, wero inspected daily for the first 3 days and any 
dead animals discarded. Thereafter they were inspected every 1- 
hours both day and night and all dead animals removed and t ieir 
lungs collected. As they became available, the lungs were store in 
bottles packed in solid C0 2 so that the lungs of any batch should 
available for processing together. On the 9th day after inocu a io > 
or when 80 per cent, of the rats of any batch were dead, the sun no 
were killed and their lungs collected. „ . g 

Each day at least one sample of lung from each group 0 ‘ 

where deaths had occurred was taken for the preparation o nnpr 
smears. 


Staining of impression smears 

While investigating the staining properties of basic ^ IC |'f' gmenr 
methylene blue, it was found that treatment of a iea ^ 
with N/l HC1 considerably enhanced the staining o 110 ce 
cither dye. ^ 

Monochrome staining method. This method was quick and ea y Bur f ac0 of the 
for regular routine purposes. A light impression smear ° : ... jj rn JJC1 for 

lung was fixed by gentle heat. The smear was then trea e 
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two minutes, washed and stained with 1 :2000 polychrome methylene blue 
for 30 60 seconds The methylene blue was poly chromed as a 1 per cent, 
solution with 1 per cent, sodium carbonate by heat mg at 5G° C. for 43*60 
minutes. On cooling, the solution was neutralised with N/l HC1, filtered and 
stored. Before use it was diluted 1 • 20. 

j Differential staining method. For special purposes another method was 
used which had the great nd\antage that it stained the rickettsie a different 
colour from the cells. It was only satisfactory, however, in expert hands, because 
the differentiation was exceedingly critical and the smears, which had to be 
prepared with great care, had to be of uniform thickness and free fiom blood. 
Suitable smears were fixed by gentle heat and tieated for 10 15 seconds with 
10 per cent. HC1. They were washed and stained for 2 minutes with boding 
carbol fuchsia (Ziehl Neelsen carbo! fuchsm diluted 1:5), again washed, and 
differentiated and counter stained with 1 per cent, malachite green (ReveCtor) 
for 30 GO seconds. The exact staining time for the malachite green varied 
considerably with different batches. Richettsue stained a deep reddish purple 
against a greenish blue background of cytoplasm and nucleus (fig. 1). 

The method was also applicable to sections fixed in formol -Muller. In this 
case, however, the section, after having been stauied with boding carbol fuchsin, 
was decolorised with 5 per cent, citric acid for 10-16 seconds and then counter 
stained with malachite green for 10-25 seconds (fig. 2). 


Assessment of lung smears 

Stained impression smears were examined under a l/12th inch oil 
immersion objective and xG ocular. An ideal smear was given an 
arbitrary index of 10, assessed in this way. Since the intracellular 
itafcettsta wexfc roo&i&efed ilvi impoctant watigew. hx 

the cotton rat lung, this attribute was awarded 8 points. The degree 
of parasitisation was established by countmg 20 consecutive mono- 
nuclear cells in different parts of the smear and recording the number 
which contained rickettsi®. This number was multiplied by 0*4. 
The extracellular rickettsi® were awarded a possible 2 points, 
estimated by giving a plus value (maximum 4-j-) and multiplying this 
value by 0*5. For example : — 

Intracellular rickettsi® in 12 out of 20 mononuclears = 12x0*4 = 4*8 
Extracellular rickettsi® -f-f-f* = 3x0*5= 1*5 



In the majority of the cotton rat lungs which were suitable for 
inclusion in the vaccine, the index was between 5 and 8, and the 
rickettsial content of the smears of individual lungs gave good 
evidence of the expected rickettsial content of the finished vaccine. 
It was concluded that with few exceptions the lungs from batches of 
rats in which 50 per cent, or more died on or before the 6th day were 
the most suitable for vaccine manufacture, provided that by the 
5th day the lungs of rats dying showed massive consolidation and 
an index of 6. Table I shows a detailed assessment of the lung smears 
from an early batch (FV 37) which provided a vaccine with a poor 
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rickettsial content. Table II shows the assessment of a later batch 
(FV 131) which provided a more satisfactory vaccine. 

Table T 


Analysis of langs used in the manufacture of vaccine 
hatch FV 37 (low rickettsial count) 


FV 37 


Number of cotton rats inoculated, 7£ 






Day after Inoculation 

Cotton tuts dying 

No. oflung 
sample* 

Lung indices 
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No. 

Cumulative 

percentage 
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Table H 

Analysis of lungs used in the manufacture of vaccine 
batch FV 131 (high rickettsial count) 


FV 131 Number of cotton rots Inoculated, 372 

Day after Inoculation 

Cotton rats dying 

No. of 
lung 
earuplcB 

Lung indices 

Average 

loaf 

Index 

No. 

Cumulative 
percent Age 

1-3 

4 

5 

0 

7 

8 

31 

12 

72 

145 

G8 

M 

8-3 

110 

31-0 

7 0-0 
88-5 
92-0 
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30 

Rickettsial count of vaccine, 257 X 1 0 6 /ml* j 
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Control of the finished batches of vaccine 

Determination of the number of rickcttsicc 

The rickettsial content was estimated by counting the 
rickettsia?. A small amount of the vaccine was mixed wi i tely 
volume of a formalin-killed CL welchii suspension 
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Plate LII 


Standardisation of 


TYPHUS VACCINE 



Fig. 1. — iiickctteia tsiUeuqamuthi. 
i Cotton rat lung impression smear. 
Carbol-fuehsin and malachite green, 
X 1250 



; IC- *9^ 


Fio. 2 — Rickettsia tiutsugamushi. 
Section of cotton rat lung, fixed in 
formol Muller Carbol-fuehsm and 
malachite green X1230. 
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Fin. 3. — Rickettsia tsutsugamusln. A 
drop of the cotton rat lung vaccine. 
Carbol fuchsin and malachite green 
X 1250. 
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Complement fixation 

Smadel (1944, personal communication) has devised a method of 
estimating the potency of epidemic typhus vaccines by using the 
vaccine as the antigen in a complement fixation test with specific 
sera of known titre. The potency of the vaccine was judged by the 
extent to which it could be diluted and still fix complement specifically. 
Vaccines do not give high values when tested in this way, because the 
antigen is so poorly dispersed. Thus a suspension of R. protmelci is 
a weaker antigen in the complement fixation test than its soluble 
antigen, even though the rickettsial suspension contains a greater 
amount of specific antigen. The scrub typhus vaccine was very 
difficult to judge by this method because it was not a purified vaccine, 
and the lung debris resulted in an anti-complementary level only 
slightly below the antigenic level. It was therefore essential to design 
a very finely balanced test. 

The sensitivity of the test could be increased by reducing the 
number of M.H.D. of complement used, and the extreme of 1 M.H.D. 
was found to be practicable provided that the complement was 
accurately^ titrated in the presence of the antigen, and provided that 
the specific and control antisera could be used diluted well above their 
own anti-complementary' levels. 

The test could have been made still more sensitive by primaiy 
fixation at 4-4° C. for 18 hours instead of at 37° C. for one hour, but 
unfortunately the non-specific fixation of the lung debris was notably 
increased by' prolonged fixation in the cold. 


Technique 

Antigen. The vaccine to bo tested was centrifuged at 12,000 r.p.m. ftr 
30 minutes, the supernatant was discarded and the deposit wns resuspen 
in an equal volume of saline. This wns necessary, ns the formalin P re: f n ^ 
the vaccine would have been, of courso, strongly anti-complementary. ' u 
and Joyner liavo shown that all the specific complement -fixing antigen ^ 
cotton rat lungs infected with R. tsutsugamushi is sedimentable wi ^ 
rickettsire. Wo have confirmed this, and have found that superna an » ^ 
vaccines centrifuged at high speed and dialysed free of formalin o n 

complement specifically. . - fl lescent 

Sera. The specific serum wns a pool derived from guinea-pigs oom 
from scrub typhus. As a control, serum from a guinea-pig conva escen 
epidemic typhus was used. The complement-fixing titre °f h 1 ® neither 

was 1 -. 320. Both sera were used in this test at 1 : 40, at which ^ u{e3 

was anti-complementary. They were inactivated at 56 C- or 
immediately before use. . . 7 . 5 per cent. 

Sensitised cells. The sheep cell suspension was approxima e j ^ 
and was accurate^ standardised by a colorimetric estimation o ^ gn 
globin. The standardised suspension was sensitised by the a 
equal volume of saline containing 5 M.H.D. of hremolysin. tubes. Into 

Titration'of complement. A rack was set up with 5 rows o ^es was 
each tube 0-25 ml. of saline was measured. In a separate se ^ The 

prepared a series of complement dilutions from 1 : lo ' . ’ con tamed 

dilutions were so arranged that the lowest complemen 
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0 0166 ml of guinea pig serum m each 0 25 ml , and each subsequent dilution 
reduced tins amount by 0 0014 ml Of each complement dilution, 0 25 ml 
was pipetted into the appropriate tube of each of tho 5 rows To each of the 
10 tubes in row 4 were added 0 25 ml of the antigen diluted 1 8 Similarly 
to all tubes in rows 3, 2 and 1 were added 0 25 ml of antigen diluted 1 4, 1 2 
and 1 1 respectuely To each of the 10 tubes of row 5 were added 0 25 ml 
of saline Tho rack was shaken and the tubes incubated for 1 hour in a water 
bath at 37° C 0 25 ml of the sensitised sheep cell suspension was then added 
to each, and tho tubes were returned to tho bath For a further 30 minutes 
Readings were taken and were recorded as 4, 3, 2, 1, tr and 0, where 4 
represented no haemolysis and 0 complete ha?mol>sis The results of this titration 
gat o the exact minimal humolytie dose of complement m the presence of each 
of the antigen dilutions under the conditions emploj ed for tho test 

The main teat A rack containing two rows of 5 tubes was set up Into 
tube 1 of each row were placed 0 25 ml of undiluted antigen, and an equal 
volume of a complement dilution containing 1 JI H D of complement for that 
antigen dilution as determined m the preliminary titration Similar lj tubes 
2, 3 and 4 of both rows received 0 25 ml of antigen diluted 1 2, 1 4 and 1 8 
respectivelj and 0 25 ml of the complement dilution, providing e\nctly 

1 AIHD for the appropriate antigen dilution Tube 5 of each row received 
0 25 ml of saline and 0 26 ml of complement dilution, prot iding 1 MHD 
of complement titrated without antigen These tubes served as the serum 
controls lo all five tubes of the first row was added 0 25 ml of 1 40 specific 
antiserum, and to all five tubes of row 2, 0 25 ml of 1 40 control antiserum 
After shaking, the tubes were incubated for 1 hour in a water bath at 37° C 
0 25 ml of sensitised sheep cells was then added, the tubes were returned to 
the water bath for a further 30 minutes and then read 

Results 

The power of the vaccines to fix complement it as found to bo 
correlated with their rickettsial content Table IV shows the titre of 

Table IV 


Complement fixing titres of some representative batches of vaccine 
compared with the rickettsial counts 


t acclne batch no 

Rickctt«lal counts 
(nulllons/ml ) 

t acclne dilutions 

1 1 

1 2 

1 4 

1 8 

*H 

6 

309 

tr 

4 

4 

2 

FV 

5 

65 

4 

3 

0 

0 

FV 

14 

15 

4 

0 

0 

0 

FV 

19 

31 

2 


0 

0 

FV 

33 

164 

4 

4 

4 

tr 

FV 

37 

80 

4 

4 

2 

0 

FV 

73 

10G 

4 

4 

2 

0 

FV 

90 

205 

4 

4 

4 


FV 

131 

257 

4 

4 

4 

3 


• ThU vaccine was made on a small scale at the ^National Institute for Medical Research 
t The degree of fixation is expressed by one of six symbols * — 4 S 2 1 tr 0 4 signifying complete 
fixation and 0 no fixation 


some representative batches of vaccine with the rickettsial counts in 
each case As fears had been expressed initially that a proportion of 
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the available antigen was being lost during the different stages of 
production, the complement-fixing titres of some of the vaccine 
batches were compared with samples of fresh lung tissue selected from 
the batches prior to processing. A comparison of these titres was 
reassuring and showed that there was very little loss of antigen 
(table V). 

Table V 


Complf.nicnt-fi.nng titres of fresh lung suspensions compared with 
the titres of the appropriate finished vaccine 


i 1 

! 

j Batch hoc. j 

Antigen dilutions 

1:1 

m 

1:4 

1:8 

1:16 

j FV 14 

Fresh lung suspension 

*4 


0 


0 


Vnccine . 

4 

0 

0 



FV 37 

Fresh lung suspension 

4 

4 

4 

tr 



Vnecino . 

4 

4 

0 



FV 33 

Fresh lung suspension 

4 

4 

4 

4 

0 


Vnceino . 

4 

4 

4 

tr 

0 


• 'l'hc degree of fixation Is expressed by one of six symbols: 4, 3, 2, 1, tr, 0, 4 signifying complete 
fixation and 0 no fixation. 


DlSCUSSIOX 

The potency tests which were used to control -the quality of the 
vaccine did not attempt to assess the value of the vaccine as an 
immunising agent in man, for only a field test could establish that. 
What was attempted was to raise the standard of the mass-produced 
vaccine to the level found to be possible when it was made as a 
research project. Vaccine made at the National Institute for Medica 
Research contained approximately 300x10® stainable rickettsise per 
ml. when counted by the routine method (with a probable real \a ue 
of 900 X 10 G /ml.), and it would fix complement when diluted • • 
The mass-produced vaccine at first fell short of this standar , “ 
as experience was gained it improved, so that latterly it cose} 
resembled the vaccine made on a small scale. 


Summary 

During the large scale manufacture of a scrub typhus ^ 
from cotton rat lungs, it was necessary to find some ^ m e ^ ^ 
standardising the batches of vaccine produced. ■'Wing ^ 
peculiar difficulties of the process it was not possible o e - an 
test of the immunising potency and so it was decided o ep 

estimate of the rickettsial content. examining 

The rickettsiffi in the cotton rat lungs were assesse y !jase( ] 
stained impression smears, and calculating a numenca 
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on the degree of parasitisation of the susceptible cells and on the 
number of extracellular organisms. 

The rickettsial content of the vaccine was estimated by a direct 
counting method, and also by measuring the amount of specific 
complement-fixing antigen. 

New staining techniques were used both in the routine preparation 
of impression smears and in the method used for enumerating rickettsiae 
in the vaccine. 

We wish to thank Sergeant L. E. H. Bearcroft, R.A.M.C., for his valuable 
technical assistance, ^tr V. Welch made the photomicrographs and Mr C. Sutton 
the original colour prints. 
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MICROBIC DISSOCIATION IN 0 DJ PH THE RIM BY 
THE PRODUCTION OF DAUGHTER COLONIES 

H «S CARTER 

From the Cenhal Bacteriological Laboratory, 

Public Health Department , Glasgow 

With a comment by J W McLeod 
(Plvte LHI) 

Pheisz (1903 04) was one of the first to observe the formation of secondary or 
daughter colonies in growing cultures of C diplithence Eisenberg (1006) 
described them in many species of bacteria In growing cultures kept long at 
room temperature, Tmutmann and Dale (1910) saw that delicate basic colonies 
might give rise to secondary growths with all the characteristics of O diphtheria: 
Tfliese bred true and did not reproduce on subculture the delicate form of the 
mother colonies Bernhardt (1915) plated an old broth culture of G diphtheria: 
and noted that daughter colonies developed on one of two colonial variants — a 
smah transparent colony with indented edges 

The secondary growtlis described by these and other authors appear to 
have arisen from an effort at survival on the part of certain cells in dying 
cultures , they differed, therefore from those which arise as a feature of 
actively flourishing strains in a dissociative phase of their life history McLeod 
and his co workers (Anderson rt al 1931) described smooth, intermediate 
and rough colonial forms as mitis , mtermedius and gravis types, the intermediate 
colonies perhaps corresponding to the Zwischenformen of the early German 
writers Since then Robinson (1934) has furnished the only description of 
secondary growth in young cultures, although Crowell (192G) studied dissociative 
phenomena m C diphtheria: obtained from single cell cultures , unfortunately 
he gave little record of differential colontal featuies 

Robinson described an intci'mcdius strain of C diphtheria' producing, among 
the normal colonies, others larger and atypical upon which papillaa developed 
in a few days and yielded unmistakable giams colonies on subculture These 
colonies, however, failed to ferment starch until they had been trained for 
34 months by subculture in starch containing media 

Stuart (1938) also isolated strains initially of intermedins colony form, 
which never produced a pellicle m broth culture, but which fermented starch 
and were serologically identical with giavis subtype B (Orr Ewing, 1933), 
though they produced no daughter colonies 


Original observations 

The strains of C diphtheria: here descnbed were discovered in the 
routine examination of about 1000 unselected positive throat cultures 
over a period of nine months About 14 m all have been observed, 
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which, while differing from Robinson’s strain, are apparently examples 
of a similar dissociative process, probably in a later stage. They 
were all obtained from ^children under 16, most of whom were under 
school age and only three of whom had been immunised. All suffered 
mild or moderate illness and recovered without complications except 
that one or two had mild cardiac irregularity. There were three 
strains from one family. Throat swabs were inoculated on to plates 
of unheated blood tellurite agar (Johnstone and Zinnemann, 1943) 
and examined after overnight incubation at 37° G. By this time 
colonies could usually be classified by their naked-eye appearance 
but they were subcultured in starch medium and broth for con- 
firmation. During this procedure colonies which on the tellurite 
plates had been frankly intermedium in architecture (fig. 1) were found 
to have fermented starch. Re-examination of the plates after further 
incubation revealed that the typical intermedhis colonies of the previous 
day had developed daughter colonies. These papillary outgrowths 
were usually present on a majority of the basic colonies, though in 
some strains they had to be closely looked for. Some were small, 
single or multiple, others larger, single, semi-glossy, black in colour 
and heaped dome-shaped on the grey friable mother colony, whose 
edge projected around (figs. 2-4). The degree of tellurite reduction 
was variable, the smaller secondaries being frequently grey in colour 
and darkening with further growth. Subcultures from the black- 
domes or grey papillaa on to the same unheated blood-tellurite medium 
or on to McLeod’s original heated blood-tellurite medium produced 
a profuse large-colonied growth unmistakably gravis in appearance, 
grey in colour and breaking under the touch of a wire. Some colonies 
were typical daisy heads. There were no intermedhis - like colonies, 
but subculture of colonies on the original plate which retained t ieir 
intermedhis - like form and did not produce daughter colonies (t iere 
were always a few of these even after several days incubation) 
reproduced in 16 hours a good growth of similar colonies v uci a 
little later displajmd daughter colonies as described. 

Several strains examined showed, after about the fourt v ran^ 
plantation, a few colonies some four times as large as t le o ^ 
intermedium-like growths ; these were much nearer gravis ° n ^ out . 
appearance than any other colonies on the plates. There w ere a ^ 

6 per cent, of these, some apparently clear of the mot ier coo ^ 
many of which showed daughter colonies; others over appi 
inextricably mingled with the mother growth. There 
three colonial types : (1) almost frank gravis colonies ; ( ) P 0 
intermedins - like colonies ; and (3) interniedhis-Pd^ co am ^ 
daughter colonies — some large and dome-shaped, others sm > ® j 

or multiple. The frank gravis colonies bred true and pro ai) d 

grams subcultures (fig. 3) ; the persistent intermedins - ' '® ® ^ before. 
those with daughter colonies reproduced a mixed grow the 

After at least 30 transplants from these intermedins- 1 ^ 



• t*4, >5 » 4L 


Fio. I. — Colonics in initial tnrennedius'like Fig. 2. — Growth on chocolate agar showing 
phase growing on chocolate agar. Small developed daughter colonies. Same strain as 

whito spots arc early daughter colonics. X4. fig. 1. X4. 



Fig. 3. — Colonies in gravis phase growing on Fig. 4. — Colonies of another strain growing 
heated blood tellurite agar. Same strain ns on unheated blood tellurite agar, showing 
figs. 1 and 2. x C. gravis phase and daughter colony phase 

simultaneously doveloped. X6. 

Figs. 1 and 2 were produced in Professor J. IV. McLeod’s laboratory. 
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same process was still repeated. Even after many days’ growth there 
were always a few persistent interaoKus-like colonies which showed 
no detectable daughter colonies. Although several hundreds of such 
colonies have been tested, a non-starch-fermenter has not been found. 
All the strains fermented glucose and not sucrose. The growth in 
broth was at first like intermedins — a small, fine, granular doposit 
with clear fluid above ; but all cultures, especially if they were 
agitated, produced the pellicles typical of gi avis strains. t 

All the observed strains displayed tbe characteristics described, 
but there were occasional variations during transition from intermedius 
to gravis colonial architecture. Sometimes fan-shaped outgrowths 
from the margins of the intcrmedius-\ike mother colonies were seen, 
grey and striated like gravis colonies, extending and enlarging until 
the original colony structure was overgrown ; or flat grey intermedius- 
like colonies studded with small secondary growths would spread 
laterally on the surface of the medium. Ultimately, when growth 
had apparently ceased, these presented the appearance of a thinned 
background suggestive of autolysis ; sometimes they showed apparent 
erosions and were studded with persistent small papillse. Hadley 
(1927) gives no reference to erosive phenomena in C. diphtheria ;, but 
he claims to have seen plaque-like areas which he terms “invisible 
colonies ” resembling areas produced by phage, and on them daughter 
colonies developing. Blair (1924) and d’Herelle (1926) mention a 
lytic principle connected with C. diphtheria ;. Very few of these 
“ eroded ” colonies were seen. In a few subcultures of some strains, 
after incubation up to 21 days, some original mother colonies with 
multiple daughter colonies would extend and modify until they ended 
as colonies typically gravis in appearance, striated and friable, with 
black centres formed of coalesced daughter colonies. 

The persistent intermedius- like colony which as a rule got no 
larger on incubation' had apparently no great longevity, for, after a 
few days, increasingly large inocula were required to obtain fresh 
growth. This seems to indicate that the primary mother colony 
was heading for destruction and individual organisms with gravis 
potentialities displayed the greater vitality. 

Morphologically the bacilli in the primary imtermedius-like colonies 
of 16-24 hours’ growth on blood-tellurite media were essentially like 
those of true intermedius type but not so coarse. Longer forms 
predominated. Barring was the outstanding feature, with little 
tendency to clubbing. An occasional terminal granule could be 
seen. In the gram-phase colony the organism displayed a rather 
florid gravis- type morphology with a good sprinkling of metachromatic 
granules. It was generally short but pleomorphic and showed 
very little barring. Between the two phases, mixtures blending 
form and other characteristics occurred, with distortions as the 
colonies aged. 

All the strains isolated were virulent for guinea-pigs by sub- 

jodkx. or fath. — T ot ivm 2 d 2 
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cutaneous inoculation from Loeffler slope cultures. A suspension 
made from several persistent 'intermedins- like colonies from plate 
cultures was also virulent, but took longer to kill the animal. The 
first half-dozen strains were tested by agglutination of suspensions 
from Loeffler slope cultures made from colonies in the initial phase 
and fell into Robinson and Peeney’s (1936) sub-type I, as the majority 
of Glasgow gravis strains do. 

The cultural peculiarities of these strains suggested that starch 
fermentation might be due to the evolution of gravis dissociants from 
a basic true intermedins non-starch-fermenting type, so search for this 
was made. 


Attempts to isolate a true intermedius type 


Attempts to isolate an unmistakable intermedius type fulfilling all 
the criteria failed ; non-starch-fermenting colonies could not be 
isolated. The following methods were employed : selection of 
persistent intermedius-like colonies ; subculture on starch-containing 
media, with the object of finding a non-starch-fermenting colony; 
subculture on the medium of Gordon and Higginbottom (1942) (which 
was found unsuitable for single colony selection by colour reaction, 
though massed growth of these strains showed the greenish tinge 
characteristic of C. diphtlierice intermedius in early growth but lost it. 
on further development) ; subculture from ageing cultures in broth, 
on chocolate agar and on Loeffler’s medium (old cultures generally 
returned gravis forms only, the heteromorpliic organisms having died 
out) ; growth in the presence of antibacterial and antitoxic sera , 
subculture from heated cultures in the manner of Mair (1936) ; anima 
passage (where recoveries, successful in every ease, gave the organism 


still in its dissociating phase). 

In addition, cultures from the first dissociating strain isolate mere 
sent to Prof. J. W. McLeod, who very kindly examined them. 0 
general findings were confirmed in his laboratory 7 , but efforts J 
Dr Morris Gordon to induce a pure intermedius variant were «n 
successful, as were attempts by Dr K. I. Jolmstone to o auw 
single-cell culture for experimental purposes. Such cultures y 01 ' > 
of course, have given a final answer to the possible argumen ^ 
these are instances of an obstinate mixture of two forms o . 80 ^ 

Such phenomena have undoubtedly been observed, but in view o ^ 
invariably unsuccessful results of careful efforts at separa ion, ^ 
does not seem a likely explanation. The failure t° obtam^snio 
cultures by Johnstone’s (1943) modification of 0rscovs r 
depends on the great difficulty of getting certain bac ena^^ a 
from single cells when isolated on the surface of a so i 111 
fact which has not perhaps been sufficiently appreciate 
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Cause of dissociative phenomena 

Colony variants of C. diphtherias have often been described, 
especially in America, and anyone who has done much work on the 
bacteriology of diphtheria must have seen many. Most of these 
arise in laboratory cultures and are probably environmental and 
random variations. Those which occur in newly isolated cultures from 
persons suffering from diphtheria or from carriers, Whether the 
variants are fully formed and colonially differentiated or display signs 
of being in a transitional stage, may perhaps be accepted simply as 
varying within the life phases of an enormously prolific community of 
individuals, where the chances of mutation and variation must be 
many. 

Unfavourable environment has been adduced as one reason for 
dissociation and artificial methods have been used experimentally to 
produce variants of many bacteria. By analogy it is possible to 
consider mass immnnisation as a biological experiment calculated 
to produce conditions in the human host unfavourable to the normal 
sequence of reproduction of the commonly recognised types of 
C. diphtheria:, and also to produco in the strains circulating among 
the community modifications which occasionally show themselves in 
freshly isolated cultures by changes in colonj' structure, cither 
completely acliieved or in progress. Antitoxin production, which is 
dominant both in natural and artificial immunisation, is likely to 
obscure any response to minor somatic antigens of diphtheria bacilli 
coincidently present. But after mass immunisation the immunological 
mechanisms of a large number of people are relieved of this task and 
are therefore more likely to respond to such minor antigens introduced 
by the normal dissemination of diphtheria bacilli. Antibodies thus 
produced could be expected to have an influence on the structure or 
metabolism of the bacilli, and therefore, here and there, at one time 
or another, a situation may be created in which some strains of 
C. diphtherice fail to maintain recognised type individuality. The 
population at risk in Glasgow is roughly two-thirds immunised, and 
immunisation has been continuously pursued on a large scale during 
the last four years. This then may have created herd conditions 
unfavourable to the normal propagation of the types of C. diphtherice 
chiefly circulating in the community ( gravis and intermedins), and 
thrown into the recognisable form of colonial modification some 
aberrations in their reproductive process. In bacteria showing 
dissociative phenomena, processes of reproduction differing from 
those usually accepted as normal have been suggested by German 
writers and elaborated by Hadley (1927, 1937). However this may 
be, the cultural abnormalities described above may, it is suggested, be 
accepted as evidence of an effort on the part of the micro-organism to 
stabilise a regressing morphologically stable type. It is unlikely to be 
a meaningless variation without significance in the life of the species. 
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Possible significance of variants of C. diphtheria 
and dissociative change 


Although the so-called mitis, intermedius and gravis types of 
C. diphtherice have never been authentically transmuted artificially 
in the laboratory, they may be changeable in the hosts they infect, 
although it is only 7 very rarely that we catch indications of such a 
possibility. 

The dissociating strains described — few relative to the number 
isolated — are occurring at a time when some reduction of gravis 
predominance is taking place and coincident with a reappearance of 
atypical variants, chiefly types IV and VI, of which there have been 
very few for some years. 

In the years before 1938 intermedins strains were predominant 
in Glasgow, rising to around 70 per cent, of all strains. Since that 
time the gravis type has rapidly assumed the ascendant, the mitis 
type remaining at a fairly constant low level as it has done ever since 
1933. The percentage of gravis strains from over 6000 strains isolated 
during 1941-43 was G3-6 ; in 1944, 55-4; and in 1945, 49-5; while 
intermedins strains have increased by 8 per cent, during the past 
two years. In the years 1941-44 the percentage of atypical strains 
was only 0-46 in over 5000 strains ; in 1945 it was 4-9 in over 
1400 strains. 

During the rapid change over in 1937-39 from intermedius to gravis 
predominance alluded to above, the percentage was 6 in 3700 strains 
(Carter, 1943-44). Dissociation phenomena were not observed at 
that time, during the change in the chief infective type, perhaps 
because the process was so rapid. The present change, if it procee s, 
is evidently'- much slower, which may account for the detection o 
heteromorphic organisms hovering between the intermedins and gravis 
isomorphs. 


Summary 

1. Strains of C. diphtherice showing microbic dissociation by 

production of daughter colonies are described. _ 

2. Attempts have been made without success to iso a e 

intermedins types from these strains. ns jy e 

3. I have suggested how mass immunisation may be respo 

for these dissociative phenomena. _ . m03 t, 

4. Evidence from Glasgow shows that dissociation is per .j. 

likely 7 when ty 7 pe incidence is changing. I have suggese .jj se 
may represent an effort on the part of the micro-organism 0 

a regressive type. 


Comment by Professor J. W. McLeod ^ 

Dr H. S. Carter has expressed the wish that I should 
ommentary on the findings recorded above. Their iner - se( p- 
ind they 7 emphasise wliat should now be genera y 
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namely, that diphtheria is not necessarily the same in all places at 
one time. It is from failure to realise or admit tliis fact that the 
mistake has been made of assuming that a faulty sample of prophylactic 
or the inoculation of too small a proportion of children are the only 
reasons why the results of diphtheria prophylaxis are inferior in this 
country to the most brilliant of those recorded elsewhere — in Toronto, 
for example. 

Although my colleagues and I have handled large numbers of 
diphtheria strains of all types and from many areas in this country 
and beyond, we have not yet met the striking phenomenon so clearly 
shown in fig. 2, which was obtained with the strain sent to Leeds by 
Dr Carter. 

The sequence 'of predominant intermedins infection followed by 
predominant gravis infection, which in some cases has .approached 
epidemic proportions, has now been clearly recorded in Manchester 
by Robinson, in Liverpool by Wright, in Dundee by Tulloch, and in 
Glasgow by Carter, and the question arises whether these represent 
stages in the evolution of the diphtheria bacillus to its most active 
form. If this wore so, however, one would expect that the dissocia- 
ting form which Carter describes would have appeared in the period 
of increasing rather than of decreasing gravis incidence in Glasgow. 

Another possible . explanation of his observations, although a 
highly hypothetical one, is suggested by the green colouration on 
heated blood agar shown by these forms in their first phase, a coloura- 
tion which is particularly well brought out by Dr Morris Gordon’s 
expedient of adding unheated serum to heated "blood agar plates. 
It is possible that the metabolic peculiarity of intcrmedius forms 
which ‘leads to this oxidative effect on haunatin is also responsible for 
the very restricted growth of this type on agar and heated blood agar 
media. If this is correct, then the phenomenon observed might well 
be one of an unusual gravis strain checked in its growth because it 
shared a metabolic peculiarity of the intertnedius strain and returning 
to the normal gravis form as it shed this metabolic peculiarity. 
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favour of the allergic theory. The lungs also may react, and in that 
case a characteristic form of pneumonia makes its appearance. 
Rheumatic pneumonia, which is very little known, is of great interest, 
as it has the characters of a transient Jung infiltration and is therefore 
likely to throw light on this much discussed symptom. Recently 
Rich and Gregory (1943) have shown that in cases of rheumatic 
pneumonia changes are met with resembling those appearing in the 
lungs in connection with hypersensitiveness to sulpha- preparations. 
With the lung changes may be included rheumatic pleuritis. 

Against the allergic theory it has been adduced that, contrary to 
expectation, glomerulonephritis and polyarthritis rheumatica are 
seldom met with in combination, glomerulonephritis also being 
considered an antigen-antibody reaction, with streptococcal products 
as the antigen. More detailed investigations by Salvesen (1938), 
Ehrstrom (1941) etc. have shown, however, that acute glomerulo- 
nephritis is more usual in cases of rheumatic polyarthritis than has 
been believed. Further, Klinge (1933) and Craciun el al. (1933) have 
found certain morbid anatomical changes in the kidneys in cases of 
polyarthritis without glomerulonephritis. Such cases are characterised 
by Ehrstrom as clinically dumb. Finally', in a certain percentage of 
cases of glomerulonephritis changes are met with in the larger vessels 
— not only in the kidneys but also in other organs — which resemble 
those in rheumatism and periarteritis nodosa (Fishberg, 192? ; Masagi 
and Isibasi, 1935-36). This conforms well with the circumstance that 
glomerulonephritis is a frequent complication of manifest periarteritis 
nodosa, a fact which could perhaps also be expressed by saying that 
in certain cases of glomerulonephritis the general vascular change* 
are so severe that the disease might be designated periarteritis nodosa 
Thus points of connection between polyarthritis and glomerulonephiitis 
are not lacking. 

Many attempts have been made to support the allergic theory J 
experiment, and it may now be said to have been established t ia 
changes can be called forth which are identical with those in poj 
arthritis and periarteritis nodosa by sensitising and reinjecting annua * 
with foreign protein. On the other hand, little success atten e 
attempts to provoke such changes with streptococci as antigen. 

• Another method which can be employed is to investigate cbs 
of allergy in man and compare the changes encountered wit i 
characteristic of polyartliritis rheumatica. The object o 
communication is to make just such a comparison. My ® . 
consists of four cases, all of which exhibited such severe a 
symptoms that death finally supervened. Slight joint symp ° ms - n 
present in only one case (the other three were entirely ree f 
none was there endocarditis. All had severe symptoms ° - 
and were diagnosed clinically as such. Three ex hi i e „ - c 
lung infiltration and blood eosinophilia. Among o . ie ^^ onJ j na i 
symptoms present may be mentioned urticaria, nasal po yph 
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Fits 1 — Caso H Longi 
tiulmal section of a renal 
artery showing a bulge on 
one side, where tho Mall 
consists of a red stained 
mass formed by the com 
plotely destroyed media 
nnd Rdwmtitin Tho in 
timft here is strongly 
proliferated its newly 
formed tissue partly filling 
tho bulge Below the 
bulge, too, the mtima is 
thickened There is no 
thickening of tho intuna 
in tho opposite nail 
Mallory x 40 


Tio 2 —Case IV Trans 
verse section of an artery 
in tho Jung In part of 
the circumference the nail 
is stained red owing to 
fibrinoid degeneration and 
necrosis Tho intimal 
prolifer iti on is inapprcci 
able here fho wall and 
its surroundings aro in 
filtrated with leucocytes 
including numerous eosin 
opluls Mallory X 140 




Tin 3 — Ciso III Trans 
verso section of an artery 
m the liver The mtimnl 
cells are much swollen and 
sometimes transformed 
into giant cells The 
greiter part of the lumen 
is filled with proliferating 
cndotheliu.1 cells eosino 
piuls and other inflnm 
matory cells These are 
also abundant m tlio \ cssel 
wall nnd its surroundings 
Mallory X 120 
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pain with diarrhoea and tenesmus, and eosinophilic pleurisy. As is 
usually the case in allergic diseases, the symptoms alternated. Micro- 
scopic examination showed vascular changes as in periarteritis nodosa, 
and such changes in the connective tissue in several organs as are 
characteristic of rheumatism or of the allergic inflammatory reaction 
generally. It is therefore not easy to say how the cases are to be 
classified, which shows that at times it is impossible to delimit the 
different allergic syndromes from each other, owing to the fact that 
the antigen-antibody reaction may affect many organs at the same 
time. Classification must thus be more or less arbitrary. 

The vascular changes were focal and often localised to a part 
only of the circumference of the vessel. Both arteries and veins in 
different organs were attacked, but never the larger vessels. The 
lesions were of very varying ages in different vessels in the same case. 
Acute degenerative changes appeared in the form of disintegration 
foci in the elastica interna and tunica media, with fibrin reaction in 
hyaline necrotic masses (fig. 1, case II, and fig. 2, case IV). Sometimes 
in such places the wall was bulged out aneurysmally (fig. 1, case II). 
These acute degenerative changes were accompanied by a cellular 
exudation in and around the vessel wall (fig. 2, case IV, and fig. 3, 
case III). Among these cells were numerous eosinophils. Proliferative 
changes also occurred, first in the intima, the endothelial cells of 
which often assumed the character of giant cells (fig. 3). In the 
smaller vessels these cellular proliferations might fill up the lumen, 
leaving only quite small spaces in which occasional red blood corpuscles 
were observed (fig. 4, case IV). In the more advanced lesions the 
proliferating cells formed collagen fibrils, so that finally a loose 
connective tissue resulted. This might appear only as an excrescence 
in the lumen or might fill up the whole lumen, including even an 
aneurysm or a defect in the wall (fig. 1). At this stage the cellular 
exudate had completely receded. 

In addition to these vascular changes, which in themselves are in 
no way remarkable, there were changes also in the connective tissue 
of several organs of the kind found in cases of polyarthritis rheumatica, 
both in the form of so-called rheumatic “ lYuhinfiltrat ” and as 
rheumatic granulomata. As is well known, the rheumatic “ Fruliin- 
filtrat ” is characterised by cederaa and by the collagen fibres being 
focally swollen and split up into fine fibrils which stain black with 
silver, in contrast to connective tissue fibres, which become brown 
or dull purple. Sometimes, but not always, these fibres assume a 
positive fibrin colour, and the changes are therefore called “ fibrinoid 
degeneration”. Such changes are met with especially'in the inter- 
lobular septa of the lungs and in the adventitia of certain vessels, 
but also in other places (figs. 5 and 6, case II). 

Rheumatic granulomas are also met with, chiefly in the lungs. 
In principle they exhibit the same changes in the connective tissue 
as the “ Fruhinfiltrat ”, but in addition there is an accumulation of 
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large basophilic cells with abundant protoplasm between the fibrils 
or in the periphery of the focus. These cells resemble macrophages 
but are in fact fibroblasts. They may be multinuclear and transformed 
into giant cells (fig., 7, case I). The collagen fibrils in the centre of the 
granuloma often disintegrate (fig. 8, case I). Sometimes disintegration 
of the collagenous fibres and the formation of giant cells without 
distinct granuloma formation are seen (fig. 9, case III.). As is well 
known, the rheumatic granulomata were first observed by Aschoff 
in the myocardium, and when so located are called Aschoff’s nodules. 
In my series granulomas of this kind were present in the myocardium 
in one case only (fig. 10, case I). It should be pointed out that this 
patient had not suffered from polyarthritis or endocarditis and did 
not exhibit any changes in the joint capsules or endocardium. 
Rheumatic granulomas may fuse to form conglomerate granulomas, 
which in some cases of chronic polyarthritis cause nodes in the shin 
around the joints. Similar pictures are also seen in the cutaneous 
nodules occurring in the neighbourhood of tendon sheaths and joints 
which characterise the skin disease called granuloma annulare. Such 
conglomerate granulomas were present in my cases in the interlobular 
septa of the lungs (fig. 8, case I). 

Apart from the vascular changes, rheumatic “ Eriihinfiltraten ” 
and the granulomas just described, the changes in the lungs were of 
very special interest in view of the fact that during their lifetime 
the patients had exhibited transient lung infiltration, with blood 
eosinopliilia. 

The concept of transient lung infiltration was introduced in 1931 
by Loffler. This syndrome is characterised bj' a pronounced blood 
eosinopliilia with values up to 70 per cent, or more, and X-ray shadows 
in the lungs which are variable in structure, solitary or multiple, 
unilateral or bilateral. They are formed rapidly and may disappear 
in 3-8 days, suddenly to reappear at the same place or elsewhere m 
the lungs. In spite of these large shadows, the physical symptoms 
are comparatively slight, and in the majority of cases the patien s 
exhibit no very grave symptoms. At times the infiltration is me 
with in apparently healthy persons who have been subjecte 0 
routine X-ray examination. In general, however, the patients su er 
from fatigue, darting pains in the chest, and an irritating coug , 
with yellow, slimy sputum poor in cells. It was not long, houever, 
before it became clear that this infiltration appeared especia } _ in 
persons who suffered from allergic diseases such as hay fever, an Sj° 
neurotic oedema, vasomotor rhinitis, urticaria, migraine, P seu 
appendicitic irritation and asthma. Of Maier’s (1943) 100 cases 

had other allergic symptoms. ' i T • flier 

During the course of years the original conception of t ie 0 ^ 

syndrome has changed in character. At first it only comprise c ^ 
of acute illness, but gradually cases ( have been included in w 
morbid histories were very long, and where lung infiltration com 
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Fir 4 — Case XV Section 
of n small \ ein m the lung 
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blocked by large prolifer 
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Fir 5 — C \so II Section of 
lung showing connectn o 
tissue with fibrinoid do 
generation (red stem) in an 
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is \ ery much increased in 
breadth Mftllorj x “I'iO 




Tit G — Case II Small 
ml\ er stained focus of 
fibrinoid degeneration in 
the adventitia of n renal 
nrtcrj Tho focus is sur 
rounded by connectn e 
tissuo fibres which stain 
dull purple In the focus 
itself the connectn e tissue 
fibrils are split up into fine 
black fibrils XVith \an 
Gieson staining the focus 
becomes v ellow w ith 
■Mallory red strenl s nre 
seen m it X 900 
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with blood eosinophilia came and went for months and years, or 
persisted unchanged for long periods. In some of these cases the 
course of the disease was mild ; others diverged from the ordinary 
1.(3 filer syndrome in that the course was malignant. 

The morbid anatomical basis of this transient lung infiltration 
has been the subject of much discussion. A number of workers have 
regarded the lesion as an allergic lung oedema, a parallel phenomenon 
to Quincke’s oedema of the skin, and have stressed its similarity to 
Osier’s visceral angioneurotic oedema, which is characterised by 
pleomorphic skin affections such as erythema, urticaria, Quincke’s 
(edema, purpura etc., and visceral symptoms in the form of headache 
and other cerobral symptoms, pain in the abdomen with rigidity, 
vomiting and melama, and in a number of cases also by transient 
lung symptoms. Various authors (Vaughan and Hawke, 1930-31 ; Cole ^ 
and Korns, 1933-34; Miller et al., 1935 ; etc.) have published cases of 
transient lung infiltration which are best explained in this way. 
Vaughan and Hawke’s case was that of a young woman who suffered 
from hypersensitiveness to tomatoes and eggs, and who exhibited 
the following collection of allergic symptoms, appearing on different 
occasions, namely abdominal pain, vasomotor rhinitis, transient X-ray 
shadows in the lungs, transient hydrarthroses, skin affections, 
parasthesiae, bilateral ulnar paralysis, vertigo, partial blindness and 
nystagmus, but not asthma. The allergic symptoms were provoked f 
in this case by a non-baoterial antigen. 

Very similar are some of the cases described by Sbderling (1939) 
and those published by Engel (1935-30) from Shanghai under the name 
of “ privet cough ”. The latter, which appeared regularly' during May 
and June and is characterised by coughs, colds in the head, facial 
oedema, transient lung infiltration and blood eosinophilia, is con- 
sidered by' Engel to be due to hy-persensitiveness to the pollen of 
Ligustrum. 

The few eases of transient eosinophilic lung infiltration which 
have come to autopsy, however, appear to show that, even in the 
slightest cases, the changes are not restricted to oedema. In 1942 
von Meyenburg published four such cases. These had not been 
examined clinically in respect of the lungs, but the lung lesion was 
of such a nature that he considered it to be transient eosinophilic lung 
infiltration. Three were soldiers on active service who died suddenly' 
as a result of accidents. One had suffered from asthma in childhood. 

In the fourth case death was due to tetanus. The lungs exhibited 
inflammatory' changes which diverged distinctly from the ordinary, 
in respect of absence of fibrin, high content of eosinophils, and a 
pronounced affection of the interstitial tissues. A remarkable fact 
was the formation of giant cells in the alveoli and in one case of 
granulomas, which, judging from the description, must have been 
very' much like the rheumatic granuloma. Finally, it should be • 
pointed out that in one of the cases, in spite of its acute and completely 
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benign character, von Meyenburg found small “ throniboplilebites 
in the interstitial lung tissues. The changes were not confined to the 
lungs, eosinophils being also met with in the interstitial tissue of the 
liver. This has since been confirmed by Maier, who mentions cases 
with eosinophilic infiltration of the peripheral lymph glands, epididymis 
and musculature, and draws the conclusion that in cases of eosinophilic 
lung infiltration there is an allergic reaction involving the whole body. 

In all my cases the disease is of a more chronic character, and, as 
might be expected, the changes are somewhat different from those 
in von Meyenburg’s cases. They exhibit, however, a striking 
resemblance in principle. Macroscopically the picture is dominated 
by an increase in breadth of the interlobular septa, which, in the form 
of white streaks, chequer the cut surface of the lungs. Microscopical 
examination proves this increase in breadth to be largely conditioned 
by a new formation of connective tissue. The previously described 
rheumatic “ Friihinfiltraten ”, with granulomas and vascular changes, 
are observed in this eonneetlve tissue, rrkhh also Is more or less 
infiltrated by plasma cells and eosinophils. The bronchi exhibit the 
usual changes of asthma. 

The interstitial pneumonia observed by von Meyenburg is thus 
found in a chronic form in my cases. The lung parenchyma itself 
exhibits different changes in different areas. In some areas only 
thickening of the alveolar walls with great distention of their capillaries 
is seen, accompanied by swelling of the alveolar epithelium, and a 
serous exudate and occasional eosinophils in the alveoli. Elsewhere 
proliferative processes have made their appearance. The alveoli are 
filled with large polymorphous cells (fig. 11, case III), some of which 
have the character of giant cells. In all probability it is not a question 
here of alveolar epithelium but of fibroblasts. In every case connective 
tissue is gradually formed in the alveoli, giving rise to indurated areas 
(fig. 12, case II). Here and there the connective tissue proliferates 
into the small bronchi. In certain areas the alveoli are filled with fat 
phagocytes, and in many places around the latter there is connective 
tissue fibril formation. 

The interstitial inflammation, with serous exudate and eosinophil 
cells, and giant cells in the alveoli, is common to von Meyenburg s 
cases and my own. In mine, however, pronounced proliferative 
processes with fresh formations of connective tissue had appeare ,J 
owing to their chronic character. 7 

The changes now described appear, however, to have a still giea er 
resemblance to those met with in rheumatic pneumonia, the pat 0 
logical anatomy of which has been described in recent years by a al ® 1 
(1928), Gouley and Eiman (1932), Rich and Gregory (1943) etc.^ s 
already mentioned, these pneumonias have the character of transien 
lung infiltration. ’ . . 

Pathologically the rheumatic lung is characterised by an i 
stitial pneumonia with thickening of interacinous and inter o m 
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Fig, io — Case I Section 
from the myocardium 
showing a nodulo com 
posed of largo swollen 
fibroblasts and disrnte 
grated connective tissue 
fibres, surrounded by a 
fairly abundant cellular 
exudate Some of the 
muscle fibres at the 
margin are destroyed 
\ an Gieson X 160 


Fig 1 1 — Case III Lung 
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cells, sorao with pro 
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septa, which, macroscopically, stand out as a greyish-white network 
on the dark red background of the cut surface exactly as in my cases. 
Microscopic examination of these septa reveals (Edema and infiltration 
by basophilic cells with abundant protoplasm, giant cells and lympho- 
cytes, but only occasional polymorphonuclear leucocytes. Granulomas 
with and without central necrosis are also observed which exactly 
resemble Aschoff’s nodes. The alveolar walls are thickened owing to 
congestion, oedema and cellular infiltration. On the other hand, in 
the alveoli themselves only slight exudate is seen or none at all, but 
swollen alveolar epitholium and proliferating cells are present. Rich 
and Gregory found also capillary thromboses and focal necroses in 
cases of rheumatic pneumonia, and in one case Gouley and Eiman 
observed vascular changes resembling those of periarteritis nodosa. 

If all these findings are collated, it appears that the conclusion \ 
can be drawn that this transient lung infiltration is due to an allergic 
inflammation of the lungs, which may be both acute and chronic in 
character; A parallel must then be drawn between the transient 
nature of the infiltration and the polyarthritic joint and skin changes. 
The disappearance of often considerable rheumatic nodes in the skin 
may take place in 1 or 2 days, which is explained by the fact that the 
acute changes may be confined to serous exudation and swelling of 
the connective tissue fibrils. If proliferative processes with the 
formation of granulomas appear, the nodes may remain for months . 
and years. Conditions are obviously the same in the lungs. / 

So far as can be judged, transient lung infiltration, like asthma, 
may be evoked by antigens of various kinds. In certain cases a 
bacterial antigen must be taken into account, as in some cases of 
.asthma. As is well known, a distinction is now made between a 
.slighter “ extrinsic ” form of asthma and a severer intrinsic ” form 
which is often fatal. In contradistinction to the' former, the intrinsic 
form is considered to be caused by a bacterial antigen. The state 
•of affairs is probably similar in transient lung infiltration, and the 
•cases published here, with their grave changes, would then bo of the 
more severe form. Certain statements in the literature indicate that 
this analogy may perhaps be extended to allergic diseases in general, 
■e.j. EhrstrOm’s cases of glomerulonephritis caused by non-bacterial 
antigens. 

Cases such as those now reported are certainly not unusual. If 
-the literature is gone through, a number of cases of manifest!}' similar 
nature are found published under different headings (ROssle, 1933 ; 
Meyer-DBrken, 1934 ; Harkavy, 1941 ; Alwall, 1943 ; Bayley ft al., 
1945 etc.). In general, however, apart from other allergic phenomena, 
joint symptoms have usually been present. Special interest attaches 
to Harkavy’s 8 cases, which exhibited an unusually large number of 
.allergic symptoms. ' 
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Case reports 

Case I. A 43-year-old woman had suffered for nearly 15 years from 
vomiting and abdominal pain, and for 7 years from allergic symptoms affecting 
the upper respiratory passages. For 2 years she had had severe asthma, and 
towards the end these symptoms had developed into constant difficulty in 
breathing, while at the same time the abdominal symptoms progressed to 
severe diarrhoea, leading to cachexia and death. Before this, bilateral pleurisy 
had supervened. A high blood eosinophilia and transient lung infiltration also 
formed part of the morbid picture. 

At autopsy the lungs exhibited a great increase in breadth of the inter- 
lobular septa. In these septa were seen rheumatic “ Friihinfiltraten •” and 
numerous rheumatic granulomas. The latter were also observed in the 
myocardium, pericardium and pleura. The lung parenchyma itself was the 
seat of serous exudation, eosinophilia, fat macrophage accumulation, fibro- 
blastic proliferation and giant cell formation in the alveoli, but without the 
formation of fibrinous exudate. The lungs also exhibited the changes character- 
istic of bronchial asthma. Finally, in the lungs and liver a periarteritis nodosa 
in different stages of development was observed. * 

Case II. A 17-year-old youth with an allergic heredity was healthy until 
the age of 14, when he began to have repeated attacks of rhinitis. He also 
became short of breath and had slimy sputum, which was sometimes blood- 
stained. At the age of 16 he developed manifest asthma, with transient lung 
infiltration and blood eosinophilia. Gradually pleurisy set in and also abdominal 
symptoms, and ho presented the picture of general marasmus. During the 
period immediately beforo death he had diarrhoea but no attacks of asthma. 

At autopsy the lungs exhibited the same increase in breadth of the inter- 
lobular septa as in case I. In these septa were observed fibrinoid degeneration, 
of the connective tissue and rheumatic granulomas. Tho lung parenchyma 
exhibited collapsed areas, and in these the alveoli contained tho same 
characteristic cells as in case I. The collapsed areas were in process of being 
transformed into connective tissue. In some bronchi the wall was broken 
through and the newly formed connective tissue had proliferated into t e 
lumen. These changes explained the occasional occurrence of blood-stame 
sputum. The bronchi contained no mucus, and there were no goblet ce =- 
Thus the picture diverges from what is seen in persons dying in an 
asthmatic attack, which is probably due to the fact that towards the en o 
his illness the patient had no such attacks. Fully developed rlieumaic 
granulomas were not met with in any organ except the lungs,, but connee i 
tissue changes resembling those in the rheumatic “ Friihinfiltrat ’’ were o 
in the pericardium, capsule of the spleen, tongue and adventitift o cer 
arteries. Periarteritis nodosa was observed in slides from different or 0 a 
Numerous streptococci were present in nearly all organs. . , 

Case III. A woman who, during childhood, had had scarla mfi 
albuminuria, fell ill at the age of 29 with polyarthritis but recovere . . 

she developed sinusitis and asthma and a year later she suffered from ^ 

■with subsequent blood eosinophilia and transient lung infiltration. _ ^ ^ 

short time she developed swelling and pain in a number of sma join ^ 
general condition deteriorated, and she died about 14 months after a 

At autopsy^ the lungs exhibited the bronchial changes c larac e 
asthma, with, in addition, the changes in the interlobular septa a ^ were 
which characterised cases I and II, but in a less pronounced form. 
very extensive periarteritic changes in many organs, and e ar teries. 
showed great damage as a result of periarteritis nodosa of the coro1 ' 
Granulomas were observed only in the peri- and myocardium. - ^ 
lymphatic glands of the body were heavily infiltrated with eosinop 
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Case IV. A previously healthy 31 'year-old woman fell ill with cough and 
wheezing in the chest, and finally developed attacks of asthma. She died of 
cardiac weakness after only 24 months’ illness. Towards the end urticaria 
developed, and the sputum contained bright red blood. Histological examina- 
tion was confined to the lungs. In addition to the asthmatic lesion they showed 
diffuse periarteritis nodosa with almost exclusively aoute changes. The inter- 
lobular septa were greatly thickened, as in cases I -ill, but the changes were 
limited to cedema and great cellular infiltration, especially with plasma cells 
and eosinophils. The alveoli exhibited emphysema, hremorrhage and a cellular 
exudation but no formation of connective tissue. Case IV thus appears to 
show an early stage of the same morbid picture as cases I-IH. 


Summary 

Four cases are reported which ended fatally with a morbid picture^ 
characterised by a variety of allergic symptoms, suoh as asthma, 
transient lung infiltration with blood eosinopliilia, nasal polypi and 
abdominal pain with diarrlicea. Of these symptoms asthma was the 
most conspicuous and in consequence the cases were diagnosed as 
asthma. Histological examination revealed — apart from the ordinary 
asthmatic lesions — such vascular changes, both in the lungs and 
in various other organs, as are characteristic of periarteritis nodosa 
and polyarthritis rheumatica. Further, in the lungs and other organs 
there were observed foci where the connective tissue exhibited 
fibrinoid degeneration — the so-called “ Friihinfiltrat ” — and rheumatic 
(including conglomerate) granulomas. In spite of these characteristic 
“ rheumatic ” changes the patients had not suffered from endocarditis 
or polyarthritis, with the exception of one who had had slight joint 
trouble. The lung changes exhibited close agreement with those 
described by von Meyenburg as characteristic of acute transient lung 
infiltration, namely interstitial inflammation and serous exudation, 
with eosinophils and giant cells in the alveoli. In the author’s cases, 
however, there were also proliferative processes, indicating the chronic 
character of the lesion. Nevertheless the lung changes exhibited a 
still greater resemblance to those described in cases of so-called 
rheumatic pneumonia. It is concluded that the clinical picture of 
so-called transient lung infiltration with blood eosinophilia corresponds 
to an allergic inflammation in the lungs, which may follow either an 
acute or a chronic course. The more or less transient nature of the 
infiltration in many cases is analogous to the transience of the rheumatic 
swelling of joints and the rheumatic nodes in the skin, which may 
disappear in about 24 hours or may remain for months or years. 

The author regards such syndromes as polyarthritis rheumatica, 
periarteritis nodosa, endo-, myo- and pericarditis rheumatica and 
transient lung infiltration with eosinopliilia, etc., as equivalents, i.e. 
manifestations of the antigen-antibody reaction localised to different 
organs. The clinical classification of cases is dependent on the particular 
organ in which the reaction is most pronounced, but cases are met 
with where so many organs react at the same time that a topographical 
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classification is almost impossible.! As regards the transient lung 
infiltration, it would appear that, as in the ease of asthma, a 
distinction can be made between a slighter “ extrinsic ” form, where 
the antigen is non-bacteria!, and a severer “ intrinsic ” form, where 
it is bacterial. Certain statements in the literature indicate that this 
analogy might perhaps be extended to include the allergic syndromes 
in general. 
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6i6 — 091 : 615 . 92 — 099 (Lewisite) 

PATHOLOGICAL CHANGES INDUCED BY 
LEWISITE AND ALLIED COMPOUNDS 

G. R. Cameron, H. M. Carletox and R. H. D. Short 

From the Experimental Station, Porton 


(Plates LVIII and LIX) 

We desenbe a gioup of poisons wliicl> piodueo constant and wide- 
spread effects in laboratory animals when administered by various 
routes. The toxicological action of the prototype of the gioup, 2 
clilorovinyldicliloroarsine (lewisite I), was recognised early in 1940 
and most of the subsequent investigations were carried out with this 
compound. Information about some of the other membeis is less 
full, becauso only a small amount of material was at our thsposal ; 
but there is good reason to beliove that in general all behave in much 
the same way, and similarity of action after skin application means 
that closely related effects follow other routes of administration. 
For convenience we shall refer to these poisons as the lewisite 
group, despite differences in chemical constitution of individual 
members The group includes lewisite I (CHClCHAsCl,), lewisite II 
[(CHC1 CH) 2 AsC 1], phenyldichloroarsine, phenyldibromoaisine and 
phenyldifluoroarsine. All are fairly heavy liquids, with pungent 
and often characteristic odours. They aro soluble in many oiganic 
solvents but tend to be changed in water. 

Fatal doses. The LD B0 for various routes are summarised m the table ; 
some figures for hydrolysed lewisite I (2 chlorovinylarsemousoxide), usually 
referred to as lewisite oxide, are included. Undiluted compounds uere used 
for ekm and subcutaneous tests. Dilution, when necessary', was carried out 
•with araclns oil or liquid paraffin : this was essential for intravenous injection. 
We also determined, for lewisite I, the smallest skin dose producing serious, 
though not fatal, changes Adopting biliary lesions as the measure of casualty 
production in gumea pigs, the smallest effective dose appears to bo one fifth to 
one-third the LD S0 . In rabbits, one third the LD <0 is the smallest do*e capable 
of inducing definite blood change*. 

PATHOLOGIC \L CHANGES INDUCED BY THE LEWISITE GROUP 
1. Local effects on the skin 

A. Human. We performed biopsies on human subjects who had 
had small drops of pure lewisite applied to the skin. We also had 
access to similar material prepared by American colleagues. Our 

Jii 
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specimens were fixed in Susa and stained bj^ a large variety of methods. 
A blister is well in evidence 24 hours after the application of the 
lewisite. 

Table 


ED i(J (mg. I kg.) for the leivisile group of compounds 



lewisite I 

Lew i-ite I 
oxide 

lew isite 
II 

Phcnyldlchloro- 

arsine 

Phenyldibrorao' 
arsine « 

PhenyldlBuoro- 

arsine 

Skin 







Goat . 

15 






Dog . 

15 


... 

... 



Rabbit 

G 


. . . 

3 

4 

4 

Guinea-pig. 

12 


8 

4 

G 

10 

Rat . 

24 



1G 

15 

15 

Subcutaneous 







Goat . 







Dog . 

o 


... 




Rabbit 

2 


... 




Guinea-pig. 

i 

0-2 

0-2 




Rat 

i 


... 




Intravenous 







Goat . 

... 




... 


Dog . 




... 

... 

0*3 

Rabbit 

0*5 

i 


0-5 

0-5 

Guinea-pig. 




. . . 

... 

... 

Rat . 

... 

... 


... 

... 

... 

Oral 







Goat . 




... 



Dog . . 







Rabbit 


3 





Guinea-pig. 


o 


... 



Rat . 

.... 

o-fs 







The blister and epidermis. The line of separation in the formation 
of the blister is between the deepest layer of the rete nialpig > 
(stratum germinativum) and the subjacent dermis. No vestiges o 
dermal reticulum, collagen or elastic fibres adhere to the roof, whic 1 1 is 
therefore composed of the whole thickness of the epidermis and o ® 
only. At the centre of the blister there is considerable thinning o 
the epithelial layers. Except at the edges of the blister, epiderma ce 
structure is almost wholly lacking and stains a uniform pin c 
eosin, though the stratum comeum is still recognisable. Most o ^ 
nuclei are very degenerate, many having completely disappear , 
wliile others are represented only by the nucleoli. At the extieme e 
of attachment cells and nuclei show slightly more structure, 10 ^ 
the cytoplasm may be hydropic. The blister fluid precipita es 
fine reticulum. Hair follicles and ducts of sweat glands may < : ros ^ en 
blister, the ducts showing considerable damage, the hair fo o es ^ 
less affected. Fine strands of fibrin are deposited aroun 
structures and on the superficial layers of the dermis. n rvin <T 

The dermis. Starting from the edges of the blister an 
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downwards through the deeper layers of the dermis is a more or less 
regulai band of degenerate cells consisting of almost equal numbers 
of polymorph leucocytes and histiocytes Near the attachment of 
the blister roof, these cells are very numerous At the centre of the 
band they are more scattered Lying just below the floor of the 
blister tlieie is often a narrow second band of scattered degenerate 
polymorplis This evidently represents the initial response m the 
surface layers of the dermis whilst absorption of lewisite is going 
on more deeply into the dermis Its restricted nature suggests that 
this first leucocyte response ceases, possibly as a result of circulatory 
stasis or because of unfavourable conditions 

Fluid separates the collagen bundles of the dermis and here the 
fibrin deposit is prominent, forming a more deeply staining reticulum 
than within the blister 

Throughout the dermis, capillary congestion is very marked and 
a high proportion of vessels show swelhng of endothelial nuclei and, 
near the centre of the lesion, loss of structure of their walls, the result 
of coagulation necrosis A few contain thrombi Lymphatics are 
unduly prominent and a few' contain thrombi 

B Animal The most convenient place for the study of shm 
changes is the rabbit’s ear Coagulation necrosis involving all types 
of tissue sets in lapidly and generally reaches its greatest extent by 
the third day A slough eventually forms and separates after two or 
tluee w eeks Surrounding this necrotic area is a broad zone of cedetna, 
with lymphatic dilatation and sometimes, lymphatic thrombosis 
Blister formation is rare such blisters closely resemble those 
del eloping in human skin 

Migration of leucocytes from all types of vessels can be demon 
strated as early as one hour after the apphcation of lewisite and 
reaches its maximum m 2 3 days At this time, concentrations of 
leucocytes form a complete investment for the necrotic area and 
adjacent capillanes are packed with polymorphs Histological evidence 
of increased capillary' permeability is afforded by the great oedema 
w hich is present Capillary' haemorrhages at the edge of the necrotic 
area and in the media of artenoles are common 

During the penod of sloughing, intense proliferation of fibrous 
tissue takes place aiound the central necrotic area Haemorrhages 
around the new capillaries point to fragility of their walls Fibrosis 
involves the nerve sheaths and individual nerve fibres may be sui- 
rounded by' increased fibrous tissue Haemorrhage within nerve 
trunks has not been demonstrated The neuritis is therefore due to 
the direct action of the lewisite 

An interesting late effect in arteries has been constantly' noted 
Between the third and sixth week degeneration of the muscle fibres 
of the media and their subsequent replacement by fibrous tissue 
occui In sections of normal rabbit’s ears stained by van Gieson 
and orcein the muscle tissue of the media forms a well defined yellow 
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layer limited internally by the internal elastic lamella and externally 
by the condensation of elastic tissue at the medio-adventitial junction. 
This layer contains only a small proportion of fibrous tissue. In late 
lewisite lesions, however, the muscle cell nuclei become degenerate 
and shrunken, giving a vacuolated appearance to the media. At the 
same time there is a much higher proportion of fibrous tissue. • There 
is, constant endothelial and intimal thickening, due apparently to 
proliferation of endothelial cells and to a considerable deposit of 
fibrous tissue in the intima. The contrast between this thickened 
intima and the normal is very striking in some preparations. 
Defects in the internal elastic lamella have also been found at 
this stage. 

Resistance to necrosis shown by cartilage is marked. Ultimately it 
too becomes involved and may be responsible for a secondary leucocyte 
emigration in the fourth week. After 4-6 weeks fibroblastic regenera- 
tion of cartilage can be seen. Hair follicles seem to possess some 
degree of resistance to lewisite : their essential structure and staining 
power are fairly well preserved on the second day'’ after its application. 


2. Effects following injection 

Severe local acute inflammation with much necrosis and extensive 
oedema follows subcutaneous injection. Absorption of lewisite occurs 
rapidly and leads to systemic effects. Intramuscular injection gives 
much the same results. Intravenous injection of lewisite in arachis oil 
or of lewisite oxide in water may be followed by death if the dose is 
fairly large, or may give rise to systemic effects only. Thrombosis o 
the injected vessel is common. Similar results are produced by other 
members of the group. 

3. Effects of inhalation of lewisite I vapour or of droplets 

Because of the intensely irritating action of lewisite I, 1 ,s 
difficult to induce the animal to inhale sufficient of the compoun 0 
study its effects. Laryngeal spasm is severe and may cause ea ^ 
from asphyxia. Droplets produce the same sequel. But quite sma 
concentrations can be inhaled and lead to serious effects if main am e 
over a prolonged period of time. .Nasal irritation results 
muco-purulent rhinitis, the accessory sinuses also being a g 
Acute pharyngitis, laryngitis and tracheitis are seen within a ev 1 ^ 

and fibrinous inflammation induces the formation of a false mem ^ 
covering the whole of the tracheal mucosa. Severe ulcera ioi ^ 
oedema of the wall often develop. Acute fibrinous rone i 
pronounced, and a cast may spread to the terminal ronc ’ c j ur j n g 
resulting pulmonary collapse. Pulmonary oedema is commo ^ 
the first 24 hours but soon gives place to acute bronc opn 
These lesions are indistinguishable from those so we 
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mustard gas inhalation. Pleural effusion is not uncommon and rarely 
empyema. Bronchial lymph glands become enlarged and haemorrhagic. 
Systemic effects are rare. 


4. Effects following ingestion 

Aqueous solutions of lewisite oxide and alcoholic solutions of 
lewisite give prominent changes in the alimentary canal as well as 
systemic effects. Acute inflammation of the mucous membrane of 
the stomach or intestine is characterised by severe hemorrhage, 
necrosis of epithelium and submucous oedema (fig. 4). Occasionally, 
a large dose may lead to perforation of the stomach wall. Much mucus 
is secreted and is usually mixed with necrotic debris to form a false 
membrane on the surface. When the stomach is full of food, lesions 
are mostly confined to that organ and pyloric spasm is pronounced, 
but if the poison be given on an empty stomach, the maximum 
damage is in the duodenum and upper jejunum. This is probably 
due to the rapid emptying of the stomach, which contains only fluid. 
If lewisite oxide be introduced directly into a rabbit’s duodenum 
after laparotomy, an area of intense inflammation results at the 
point of injection and along the bowel for a few centimetres in both 
directions. Acute inflammation is also found in the stomach, 
apparently the result of regurgitation of duodenal contents. This 
can be proved to be the case by injecting lewisite oxide into the 
duodenum of a rabbit in which a ligature has been tied round the 
pylorus ; in this animal the inflammation extends proximally only 
as far as the ligature ; the stomach shows no abnormality. From 
these observations it seems clear that the distribution of the lesions 
is determined by the mechanics of the alimentary tract ; the alkaline 
duodenal secretion appears to have no influence in modifying the 
action of the poison. 

No evidence of damage to the alimentary tract has been found 
below the upper jojunum ; frank blood or dark-coloured fasces may 
be found in the terminal ileum and colon, but the wall of these parts 
is not damaged. If lewisite be introduced directly into the gut, great 
destruction of the wall follows. 


5. Systemic effects 

These develop rapidly after skin contamination, ingestion and 
subcutaneous, intravenous or intraperitoneal injection. They are rare 
after inhalation. 

Cardiovascular system. In the heart no characteristic changes are 
seen, macroscopically or microscopically, following the administration 
of small or large doses of lewisite by various routes. Animals dying 
within the first 24 hours often show acute dilatation of the heart 
cavities, especially the right. Pericardial effusion is infrequent. 
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pericardial and endocardial haemorrhages are rare except in the o 0 at 
dog and cat. Sometimes small capillary and venous haemorrhages 
develop in the myocardium but are inconstant in their situation. The 
cardiac muscle fibres seldom show any pathological change beyond 
slight cloudy swelling and fatty degeneration. The A-Y bundle is 
not infrequently involved in subendocardial haemorrhage in the goat. 

Vascular damage is the rule arid takes the form of scattered petechia 
in the serous membranes, especially the peritoneum ; -rarely, large 
sub-peritoneal haemorrhages are found overlying the lumbar muscles. 

Respiratory system. Lesions following inhalation have already 
been described ; the following description applies to other routes of 
administration. Pulmonary lesions are uncommon in the g uin ea-pig 
and mouse, frequent in the rabbit and rat. Severe pulmonary changes 
develop rapidly after intravenous injection and include haunorrhage, 
extensive oedema and compensatory emphysema. In animals which 
survive, patchy alveolitis and bronchiolitis are seen. Pleural effusion 
is common and often severe in the goat, dog and cat. 

Biliary system. Striking changes are seen within a few hours in 
the bile passages and liver of the guinea-pig,- rabbit, cat, dog and 
goat, but not in the rat and mouse. The guinea-pig is especially 
susceptible and is the ideal animal for the experimental study of 


lewisite poisoning. 

Three hours after the skin application of lewisite to guinea-pigs 
the liver appears swollen and congested. The gall bladder and bile 
ducts, especially the common bile duct, are distended with watery 
bile, which may be blood-stained. The wall of the gall bladder may 
be opaque, with a few tiny haemorrhages and congestion. The wall 
of the common bile duct is sometimes white and opaque or faintly 


tinged with red. This is especially prominent in the terminal 0-5 cm. 
of its course, where it enters the duodenum. Microscopical examination 
shows small areas of necrosis in the mucosa of the gall bladder, the 
lining epithelium being destroyed or desquamating, the underlying 
tissues congested and oedematous. Small and medium sized haemor- 
rhages occur in the mucosa and deeper tissues. The terminal part o 
the common bile duct shows desquamation and destruction of t e 
lining epithelium, so that the wall is completely denuded and tie 
lumen filled with debris and bile. Liver cells near portal canals may 
have lost their mitochondria in 2-3 hours. Small groups of ce s m 
this area stain diffusely with intravit'al trypan blue, suggesting severe 


degeneration or even death. .. 

Four to six liours after the skin application of lewisite t ie ue^ 
shows increasing congestion with progressive cloudy swelling- 
gall bladder pmd bile ducts are usually distended with a je y ^ 
mass streaked with blood at its periphery. Haemorrhages ma ^ 
large in the gall bladder wall and are associated with opaque, 
wrinkled areas. The common bile duct shows dilatation m 1 ® 
part, the terminal portion being dark red in colour. The neig ° 




Fig J —Confluent necrosis of li\er and coagulation necrosis of gall bladder of guinea 
pig, 48 hours after shin application of lewisite 

Fig 4 — \ecrosis, sloughing and lit-mori hage of wall of stomach of rabbit 24 hours 
after oral administration of lewisite oxide 
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duodenum and sometimes the soft structures along the course of the 
common bile duct are characteristically infiltrated with blood. 
Microscopically, the liver shows little change beyond marked con- 
gestion of all its blood vessels and cloudy swelling of the liver cells. 
An occasional animal presents small areas of necrosis. The bile ducts 
within the liver appear normal and there is no evidence of intra- 
hepatic bile stasis. Necrosis and hemorrhage have destroyed a large 
portion of the gall bladder mucosa : elsewhere the epithelial lining 
is denuded. The bare submucous coat is mdematous and infiltrated 
with polymorphonuclear leucocytes. Lymphatics are distended with 
cellular lymph. The terminal common bile duct presents a similar 
appearance, its lumen filled with a necrotic mass of desquamated 
epithelium, blood and leucocytes. Massive luemorrhage occupies the 
wall of the bile duct and can be traced into the outer coats of the 
duodenum and the lesser omentum. Not infrequently the papilla 
of Vater is partly destroyed and is very oederaatous. The orifice is 
plugged with soft necrotic material. 

TVom twelve hours onwards the liver becomes mottled with 
tiny yellow or greyish areas several mm. in diameter, fairly uniformly 
distributed hut most constant in the right and left middle lobes and 
close to the gall bladder. These are often rimmed by a narrow scarlet 
zone of intense congestion. They assume a dark green colour in 
formalin. By 24 hours necroses are well developed ; they sometimes 
coalesce to form infarct-like areas. The smaller lesions are pear-shaped 
or irregularly rounded, often intensely bile stained and frequently 
surrounded by a narrow zone of “ hyaline ” or fatty liver cells. Most 
of the necrotic areas are in close association with portal canals, in the 
midst of which are damaged bile duets and portal veins. The latter 
are sometimes thrombosed. Damaged bile ducts may be ruptured in 
one place or lined partly by normal, partly- by necTOsed.epithelium, 
so that obviously there has been effusion of bile. Closer stud}' of 
necrotic areas allows of their division into two well defined types, 
recent and advanced. (1) The recently formed type consists of pale- 
staining, shrunken cells still arranged in trabeculae, with normal 
Binusoids between. Diffuse staining with try-pan blue given ’during 
life is striking. Nuolei are pyknotic or missing. A narrow peripheral 
ring of swollen, deeply staining, acidophilic liver cells completely 
surrounds the inner zone. Nuolei are normal here or pale and swollen. 
(2) The advanced type shows very swollen, completely vacuolated 
liver cells, with their trabecular arrangement lost and the sinusoids 
obliterated. The resemblance ,to vegetable tissue. may be striking 
(of. fig. 8). Karyolysis is prominent. Around this area is a narrow 
zone, two or three liver cells thick, of coagulation necrosis. Gradations 
between (1) and (2) can be made out, but it is usual for type (2) 
necroses to outnumber the type (t) variety. It would appear, therefore, 
that there is rapid progress from coagulative to cytolytic necrosis once 
the lesion gets going. Hsemorrhage is rare in association with necrosis. 
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probably because of the tendency to thrombosis in the associated 
vessels. Polymorphonuclear leucocytes migrate from the dilated 
sinusoids around necrotic areas about the 24th hour but are seldom 
numerous and do not penetrate far into the dead tissue. Kupffer 
cells show no evidence of proliferation at this stage but may appear 
abnormally prominent and stellate from attachment of their processes 
to the walls of the dilated sinusoids. 

The gall bladder and common bile duct lesions reach their maximal 
extent during this period, assuming a plum-coloured hue which is 
very striking (figs. 1, 2, 5 and 7). The condition may well he described 
as acute cholecystitis and choledochitis due to a chemical irritant. 
No microscopical evidence of bacterial invasion was obtained. 

During the second and third days the liver necrosis appears 
to have increased, many of the small areas coalescing to form large 
infarct-like masses, especially near the margins of the lobes (fig. 3). 
Haemorrhage and necrosis are still prominent in the gall bladder and 
common bile duct (fig. &}. Most of the liver necrosis is now of the 
acute cytolytic variety, whilst polymorphonuclear cell invasion 
progresses at the edges of the necrotic regions. By the third day the 
smaller areas of necrosis show evidence of absorption, whilst mono- 
nuclear cells, both lymphocytes and macrophages, are increasing in 
number. Newly formed liver cells around absorbing necroses and 
bile duct proliferation in portal canals indicate the onset of regenera- 
tion. Gall bladder and bile duct lesions are in process of absorption 
and shrinkage. Regeneration of the mucosa proceeds by proliferation 
of the lining epithelial cells of its glands and crypts, which have 


escaped the initial damage. 

From the fourth day onwards recovery is rapid in surviving 
animals. Necrotic areas are usually small and few by the fifth day, 
although in some cases they may still be large and liquefying. Necrosis 
and haemorrhage in the bile passages are seldom seen after this tune. 
Microscopically the picture is typical of liver repair. The small areas 
of necrosis consist of poorly defined masses of faintly eosinop w 
granules, representing damaged liver cells in process of remova . 
few leucocytes and macrophages are also present. The norma lVCr 
cells around show very large nuclei with occasional mitotic g ures ^ 
Fibroblasts are few in number around small necrotic areas but mo ^ 
numerous in the confluent lesions. Bile duct proliferation maj 
striking feature in such cases, and the newly formed buds g r0 ^ 
out from the parent bile ducts present many mitotic figures, 
connective tissue .in the portal canals is more cellular an ^ 

are dilated. Bile duct changes are especially well mai vec a 
margins of necrotic areas where these impinge on portal eana s. ^ 
buds lie side by side with ducts with narrow lumina, an ap ^ 
be advancing towards foci of proliferating liver ee s, vt 

generally numerous near by. - , „ , h w, with 

Rapid absorption of necrosed tissue and effus 


1 
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Pathological changes 



Fio. 6 . — Portion of wall of gall bladdor of 
guinea - pig, show mg hftmorrhngo nnd 
necrosis. 24 hours after skin application of 
lewisite, H. and E. x 1G. 
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Fio 7. — Transverse section of pancreatic 
portion of common bile duct of guinea-pig, 
showing luemorrhage into and partial 
destruction of tho inner coat, and pancreatic 
haemorrhage. 24 hours after skin application 
of lewisite. H. and E. x50. 


INDUCED BY LEWISITE 



Fio. 0. — Transverse section of common bile 
duct of guinea-pig, show ing intenso hiemor- 
rlingo and necrosis of tlic wall generally and 
early inflammatory oedema of tho subserous 
coat. 48 hours after skin application of 
lewisite. H. nnd E. X 50. 



Fio. 8. — Focal cytolytic necrosis of guinea- 
pig liver, closo to portal canal, showing 
resemblance to vegetable tissue. 48 hours 
after skin application of lewisite. H. and 
E. x80. 
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proliferation and overgrowth of surviving mucosal epithelium, is 
responsible for repair in the extra-hepatic bile passages. Necrosis 
of tho common bilo duct is seldom seen after the sixth day. Permanent 
damage to tho bilo passages of survivors is not common, though 
occasionally stenosis of the common bile duet or late perforation of 
the gall bladder may develop. Delayed arsenical poisoning is 
sometimes seen. 

Similar liver and biliary lesions develop in the guinea-pig following 
subcutaneous and intra-poritoncal administration of small amounts 
of lewisite. In the rabbit, goat and dog, too, skin application or 
intravenous injection leads to tho samo changes, but these ate less 
constant and not nearly so marked as in tho guinea-pig. The rat 
and mouse show no characteristic features in their bile passages and 
tho liver structure is only mildly damaged, presenting cloudy swelling 
and slight fatty degeneration. 

Urinary system. Renal damage is seldom severe. Rabbits given 
intravenous injections of 0-005 c.c, of lewisite show cloudy swelling 
of the tubules after one hour, patchy necrosis of tubules with some 
desquamation of lining epithelium and cast formation after 24 hours. 
Glomerular congestion and effusion of fluid into the glomerular space 
are not infrequent in tho early- stages and small hemorrhages are 
sometimes found. The condition is thus one of parenchymatous 
degeneration or nephrosis. The condition seems to clear up in about 
four days. 

Sometimes a much more sevore picture develops which closely 
resembles that of acute arsine poisoning. The glomeruli then stnnd 
out as swollen, congested spheres, their spaces partly filled with 
altered haemoglobin. A granular eosinophilic exudate occupies the 
•lumina of many convoluted tubules and Henle’s loops and the collecting 
tubules show large deeply- eosinophilic or brown casts or oy-linders. 
The epithelial cells of many of these convoluted tubules are degenerated 
or necrotic, figment granules are present in some, while calcium 
casts form later in scattered necrotic tubule cells. The reticulo- 
endothelial cells of these animals are loaded with hoemoglobin-derived 
pigment and the blood may- be iuemolysed. A similar picture was 
seen in a few mice but not in rabbits or rats. Obviously- an acute 
lisemolytic crisis can be precipitated by lewisite administration. 

In the most severe cases, a condition of symmetrical renal cortical 
necrosis may- develop, but this is rare. 

Alimentary system. Absorption of lewisite by- routes other than 
the alimentary canal leads to serous and mucosal hemorrhages and 
erosions in the stomach and intestines of the cat, dog and goat ; the 
guinea-pig, rat and mouse less often show these features. ' 

In view of the severe damage occurring in the bile passages it is of 
some interest that lesions are hardly ever seen in the duodenum, 
which receives tho bile. Either there is complete bile stasis, with 
failure of bile to reach' the duodenum, so that the irritant has no 
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chance of damaging the duodenal mucosa, or the agent is inhibited 
either in the bile itself or when it reaches the duodenum. The latter 
possibility seems unlikely if the irritant is lewisite oxide, for this 
compound exerts severe effects on the duodenal mucosa when directly 
applied to it. We believe there is complete stasis of bile in the biliary 
passages, especially as the lumen of the papilla of Vater is invariably 
blocked by a plug of necrotic, haemorrhagic material. 

Central nervous system. No changes are found apart from conges- 
tion of the membranes and sometimes oedema of the brain. Special 
methods of investigation of the nervous tissues fail to disclose any 
severe damage in the nerve cells or tracts. 

Other organs. The spleen is usually small, collapsed, pale and 
almost bloodless, with a dry wrinkled capsule. Lymph glands are 
sometimes haemorrhagic. No changes are found in the ductless glands 
apart from inconstant adrenal congestion and haemorrhage. Re- 
productive organs are normal. 

Discussion 

Although the properties of lewisite I have been known since the 1914-1918 
war, detailed information about its action is scanty. Vedder (1925) discusses 
its effects in dogs, recognising a powerful vesicant action on the skin and 
damage to the respiratory tract. He noted intense congestion of the liver and 
kidneys in fatal cases. The skin reaction in man has been described in detail 
by Warthin and Weller (Warthin, 1926). German and Italian text-hooks on 
chemical warfare are singularly uninformative on the subject, although all 
describe the skin and lung lesions and are fully aware of the high toxicity. It 
is not our intention to 'describe the complete picture of lewisite poisoning at 
this stage, since an appreciation of disturbances of circulatory function, 
discussed in another paper, is essential to the full story. 

Our pathological investigations leave little doubt that lewisite and 
allied compounds exert, when absorbed, a serious action qu bloo 
vessels and certain highly specialised cells such as the epithelium o 
the liver and bile passages. There is evidence, too, of a damaging e ec 
on the red blood corpuscles, winch may at times lead to an acu 6 
haemolytic crisis. Renal tissue is not affected to any great ex en^, 
but this is most probably due to partial detoxication of the circu a m^ 
•compound in the course of renal excretion. There is every r ff s ° n . 
believe that most if not all types of cells are killed, provide 
poison reaches them in sufficient amount. V ariation in suscepti i I 
tissues and organs is probably an expression of differences in excre ^ 
and detoxication associated with route of administration,. 
absorption, dosage and other unknown factors. The form lQ . . ^ 
lewisite circulates in the blood or tissue fluids is not known or c ^ 
though it is most likely hydrolysed to “lewisite oxide a a 
stage of absorption. It was shown by the late . urgeo^ re{ j 
R. M. Calder that this compound is mostly attache ® gome 
corpuscles during the first 24-48 hours after absorption, 0 o 
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is carried in the blood plasma and an increasing amount can be 
detected in the plasma in the later stages. A striking feature is the 
excretion of a highly’ toxic derivative, most likely lewisite oxide, by 
way of the bile, pioducing severo damage of the liver cells and the 
biliary passages. Such effects arc furthered by spasm of the terminal 
common bile duct, leading to bile stasis and no doubt retention of 
the toxic produots. We harm been impressed by the similarity of the 
liver lesions with those so easily induced in small animals by simple 
obstruction of the common bile duct. Spasm, loo, is a feature in the 
sphincteric regions of the alimentary canal after ingestion of lewisite- 
contaminated food and may be responsible for the localisation of 
lesions to the stomach wall. Bronchial spasm is likewise a prominent 
finding when lewisite vapour or droplets are inhaled. 

Vascular injury is perhaps the most constant sign of poisoning 
mth the lewisite group of compounds. It is partly responsible for 
blistering and the rapidly progressive cedema of contaminated skin, 
changes often accompanied by gross haemorrhage in the deeper 
tissues. Effusions into serous sacs, pulmonary cedema after inhalation 
or from skin absorption, haemorrhages in the endocardium, peri- 
cardium, alimentary canal wall, serous membranes and other situations 
aie all manifestations of vascular damage. The site of action is chiefly 
the capillaries and the lewisite poisons are essentially capillary poisons. 
Much of the characteristic picture of intoxication can be explained by 
tliis simple generalisation. 

Many of these pathological changes are similar to those occurring 
in arsenical poisoning and no doubt arsenic is responsible for the 
effects common to the group. If that be so, it would seem that the 
arsenic has been made more potent than is the case with simple 
arsenical inorganic compounds such as arsenious oxide, for the fatal 
doses (and arsenic content) of the lewisite group are much smaller 
than those for the inorganic compounds. It is possible that the 
organic forms penetrate cells more easily than the inorganic, being 
highly lipoid-soluble, and that minute amounts of arsenic are liberated 
within cells to bring about the injurious effects. An essential feature 
for toxicity appears to be the presence of a trivalent arsenic atom, 
for if lewisite I be converted into 2 chlorovinylarsonic aoid, as follows, 


CHCl = CH— As< - 

\ci 


Lewisite I 


CHCl = CH— As = O > 


✓OH 

CHCl = CH— AsC 

\OH 

“ Lewisite oxide ’* 


/ 


OH 


/ 


—CHCl = CH— As = O 

VjH 

2 chlorovinylarsonic acid 


toxicity falls considerably with the production of a pentavalent atom. 
In this way, lewisite resembles other trivalent organic compounds 
and no doubt this principle governs the process of detoxication. 

jotTRv or i*ATfi — rot inn 2 f 
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* -SuaniARY 

A group of poisons is described, the members of which exert an 
action typified by that of 2 chlbrovinyldichloroarsine (lewisite I). 
When applied to the skin they produce blistering and necrosis. They 
severely damage the eyes, are highly irritating to the nose and 
respiratory passages when inhaled, and destroy the mucous membrane 
of the mouth, stomach and intestines when ingested. They are easily 
absorbed into the circulation, thereby exerting serious action on the 
blood vessels and various organs. Excretion occurs by;- way of the bile 
passages and kidneys, in the course of which much damage is produced 
in the liver, bile ducts and gall bladder but less in the kidneys and 
urinary tract. Capillary permeability’- is greatly’ increased and the 
massive depletion of circulating blood plasma leads to a condition 
not unlike burn shock : this we have called “ lewisite shock ”. It 
may terminate life in a few hours or day’s. Death may also result 
from hepatic insufficiency, either in the initial stages — most often the 
first week — or after some delay. Occasionally an acute hemolytic 
crisis • is precipitated, with a pathological picture identical with and 
as fatal as that due to arseniuretted lrydrogen. 

We are indebted to the Director-General, Scientific Research and Develop- 
ment, Ministry of Supply, for permission to publish this paper. 

REFERENCES 


Vedder, E. B 1925. The medical aspects of chemical 

warfare, Baltimore. 

Wahthin, A. S 1926. The Medical Department of the 

United States Army in the « orw 
War, Washington, vol. xiv, M ■ 
ical aspects of gas warfare, p. 51- 



616 . 944 : 576 . 851 . 57 (Cl uelchu) 

AN ACCOUNT OF THE PATHOLOGY OF 
SOME CASES OF CL WELCHII INFECTION 

A D Telford Govaj. 

From the Department of Pathology, Vmicraity of Birmingham 
(Plates LX -LAW) 

The following paper is nn account of the histology of muscle biopsies 
taken from war service wounds infected with pathogenic Clostridia, 
with an attempt to explain the extreme rapidity of spread of gas 
gangrene In addition a report of the post mortem and histological 
appearances 111 three fatal cases of clostndinl infection is appended, 
and certain changes not hitherto noted in these conditions are 
described 

The material at my disposal consisted of muscle biopsies from 
120 service casualties Eleven of these patients were critical!} ill 
and, m the opinion of surgeons with extensive experience in the last 
w ar, merited the diagnosis of gas gangrene Fifty two other cases 
showed varying degrees of toxaemia accompanying muscle damage 
Clinically these were labelled “ mild ” and “ moderate ” grades of 
gas gangrene Of the three cases coming to autopsy, two were service 
casualties and one died of “ natural causes ” In all three Cl 1 ulchn 
was practically the only clostndiura found For obvious histo 
pathological reasons “ clostridial myositis ” will be used as a synonym 
for the older term “ gas gangrene ” 

Local changes 

Two types of lesion require description that seen m certain of 
the “ mild ” cases and the other found in patients w ho were critically ill 

Immediately adjacent to the wound surface in both types there 
is a zone of necrosis involving all elements The muscle fibres most 
commonly show a coagulative necrosis with loss of stnation and 
nuclei Although these fibres persist for some time they eventually 
become thinned and disappear (fig 1) In other cases there is a 
similar loss of stnation and nuclei but the fibres show a tendency to 
fuse as if the necrosis w as more hquefactive (fig 2) Vacuolation is a 
prominent feature in both types of necrosis and is accompanied by 
invasion of the fibres by Gram positiv e bacilli in large numbers 
The endomysial tissues and sarcolemma disappear at an early date 
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and this dissolution also affects the vascular and nervous structures 
although these tend to retain their structure long after the finer 
connective tissues have disappeared. Occasionally the proximal part 
of this necrotic area shows an intense fibrinous reaction, the muscle 
fibres being bound together by dense Gram-positive strands (fig. 3). 

Beyond this area of advanced necrosis the appearances differ in 
the two types of case. In the “ mild ” ease there is a zone of intense 
leucocytic reaction and congestion and no evidence of spread of 
infection in the more healthy muscle. Very different appearances are 
seen in the severe eases. Here, beyond the zone of advanced necrosis, 
the muscle shows changes which at first sight appear to be due 
mainly to oedema. This transition from one zone to the other is quite 
abrupt. In this earlier lesion the muscle fibres are widely separated 
from each other. Striations are still visible in many, but nuclei are 
frequently absent and where present are usually pyknotic. The 
sarcolemma is fragmented and seems to dissolve slowly away. Inter- 
stitial connective tissue fibres are separated and often “ exploded ” 
in appearance (fig. 4). In some areas they are completely fragmented 
and in process of disappearing. The fibrocyte nuclei have mostly 
disappeared and those which remain show pyknosis and karyolvsis. 
Fine reticulum is absent in the muscle adjacent to the zone of advanc- 
ing necrosis. Beyond this it shows a loss of its argyrophil property 
and this is followed by its breaking up into granules and ultimate 
disappearance. Sometimes these changes are limited to about a 
dozen adjacent muscle fibres. Gram-positive bacilli are found m 
large numbers in this region but they are confined to the connective 
tissue planes and show no sign of invading the muscle fibres. 

This zone merges insensibly into an area where the cedema is 
accompanied by intense congestion (fig. 5). Separation of the muscle 
fibres is still marked but there are fewer signs of necrosis, although 
many nuclei, both of muscle and connective tissue fibres, have dis- 
appeared. There is variability in the staining power of fine reticulum 
and some breaking up of collagen fibres. Striations are usually ue 
defined. It is the vascular tissue, however, which shows the main 
changes. Haemorrhages are common and there is extreme raso 
dilatation affecting mainly capillaries and venules. The diameter o 
these vessels is frequently 5 or 6 times that of associated ax terio es 
, and they are stuffed with red cells. Many of these .y esse 
thrombosed. Some contain ordinary fibrinous thrombi u ' . ’ 
capillaries often contain, hyaline thrombi formed by cong ntina l 
of' red cells. This congestion usually extends for a eonsi era 
distance — 2 or 3 cm. — along the muscle, and clostridial organisms 
be found in large numbers in the first part of this area (fig- 6), a ^ 

I have not been able to demonstrate them in the tissues ^ 

The zone of congestion would appear to mark the sprea mg e 
the lesion (fig. 7), but it is rarely clear-cut, and m a num & ° by 
individual swollen coagulated fibres resembling those e 
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Plate LX 


Clostridial myositis 



Fig. 1. — Section of muscle from 7 one of advanced necrosis showing discrete necrotic 
fibres undergoing gradual solution. The apparent endomysinl tissue consists of 
columns of bacteria. Hicmntovylin and eosin. X 100. 



hio. 2. — Muscle from area of advanced necrosis showing fusion of fibres. Hsematoxyltn 
and eosin. X 100. 
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McNee and Dunn (1917) can lie traced for varying distances among 
otherwise healthy muscle fibres (fig. 8). 

Leucocytic emigration is practically absent except in the last 
zone and oven in this area it is extremely scanty ( Where the above 
changes are limited to a small number of adjacent fibres, however, a 
marked leucocytic reaction can be seen in' the relatively healthy 
muscle running parallel with the necrotio fibres. 

It frequently happens that the clostridial infection is not strictly 
confined to muscle but spreads to surrounding tissues. Adipose tissue 
is often attacked and most commonly shows complete necrosis of the 
cell envelopes and karyolysis of the nuclei. Occasionally the cells 
show the typical cloudy appearance of fat necrosis. Large numbers 
of Oram-positive bacilli are usually found among these fat cells. 

Lymphatics take part in the local vaso-dilatation and often reach 
immense diameters. Gram-positive bacilli can frequently be seen 
within them. The local lymph glands show diffuse luemorrlmgic 
destruction of the medullary tissues. 

Hcemolysis is not a prominent feature in the biopsies but the red 
cells show a tendency to clump and fuse in the dilated capillaries. 
There is little evidenco of the products of blood destruction, but small 
spherical masses of bright golden pigmont, approximately' 15-30 p in 
diameter and having a rosette-like structure, are frequently seen in 
neorotic muscle and fat. They fail to give an iron reaction. 


Commentary 

One of the chief problems in regard to the local lesion is the 
extreme rapidity of spread of muscle necrosis and it is obvious that 
any explanation of this phenomenon must be based upon an inter- 
pretation of the microscopical changes observed in biopsies. 

The initial necrosis is so advanced and the appearances differ 
so much from succeeding areas that one can only conceive that the 
results are not entirely due to the infection. It seems reasonable to 
suggest that this necrosis is mainly due to injury and that the dis- 
appearance of collagen and reticulum is the result of subsequent 
clostridial proliferation. In the mild cases this bacterial growth 
appears to remain as a contamination. 

If this is true then we must look to succeeding zones for the true 
picture of clostridial myositis. One of the main features in these’ 
areas is the separation of muscle fibres from the interstitial connective 
tissue. McNee and Dunn suggested that this is due to a toxic fluid, 
formed from the already necrotic tissue, diffusing along individual 
fibres, separating them from their vascular supply’ and thus by a 
combination of direct and indirect action causing their death. 
Necrosis extending along individual fibres was taken as an indication 
of proof of their theory. 

This view cannot be accepted without some hesitation. Separation 

JOT7WT. OF PATH.— VOL. LYHI 2 F 2 



426 


A. D. T. GOV AN 


of muscle fibres from their connective tissue sheaths without necrosis 
can be seen in other infective conditions and it is the rule in 
regenerating muscle fibres. It has been demonstrated by many 
authors that, until a very late stage, the clostridia are confined to the 
connective tissue planes. To be consistent with the theory of Dunn 
and McNee and to account for the death of isolated fibres the toxin 
would have to spread along individual fibres without lateral diffusion. 
Otherwise we should expect adjacent fibres to show degenerative 
changes. While there can be no doubt that the clostridial toxins 
act directly on the muscle fibres, this does not altogether explain 
the rapidity and peculiar nature of the spread of necrosis. The 
vascular changes in the tissues furthest from the wound surface 
cannot be without effect. Emrys-Roberts and Cowell (1916-17) 
declared that vascular damage only occurs at a late date, but Bashford 
(1916-17, 1919), who made an extensive examination of gas gangrene 
material, was equally convinced that it is a constant feature and one 
which is responsible for much of the necrosis. In the cases under 
consideration vascular changes are marked, thrombosis is common 
and it is difficult to believe that the intense capillary engorgement 
could result in anything but stasis. The fact that the changes are 
frequently confined to a few adjacent fibres and that they extend 
along individual fibres points to some anatomical cause. It is 
significant that Le Gros Clark (1945) has shown that the vascular 
anastomosis in muscle is functionally more apparent than real. He 
has demonstrated that it requires several days for a collateral circula- 
tion to be established in a muscle whose nutrient supply has been 
blocked, and even then the circulation is scarcely adequate. We 
know that the vascular supply runs longitudinally, parallel with the 
fibres, and it seems reasonable to suggest that we have here an adequate 
explanation of the spread of necrosis without recourse to a hypothetical 
geometrical diffusion of toxin. It is suggested that the changes note 
in the muscle fibres are largely the result of thrombosis and stasis m 
the related vessels. 


Systemic changes 

The material for the following description is drawn from three post- 
mortem examinations. In two, death was due to clostridial i ion 
of a gun-shot wound : the other was a case of terminal clos n a 
infection of the bladder following compression myelitis. 


Case 1 


The subject was a young soldier with a gun-shot wound on^ ^^pparenfc on 


of the right arm and the typical appearance of gas gangrene 




opening up the wound track. .Bacteriological auu Professor 

confirmed the clinical diagnosis. The post-mortem was performs agonal 

G. Haswell Wilson 3 hours after death. The heart containe a v ^ 0 f 

clot but was otherwise normal. Both pleural cavities con am j 0 trer 

clear straw-coloured fluid. The lungs were deeply conges e 
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lobes were waterlogged. There were small petechia' oil the pleural surfaces 
and larger areas of hemorrhage resembling inforcts in the sub-pleural tissues. 
The bronchi and trachea contained abundant frothy fltiid. 

A little free fluid was found in the peritoneal cavity but no abnormality 
could be found in the stomach or intestines. There was some congestion of the 
centres of liver lobules. No significant change could be seen in the spleen. 
The kidneys were enlarged and pale but the glomeruli stood out as minute 
scarlet points in the cortex. 

The brain and its membranes were , intensely congested. No abnormality 
could be found in the grey matter but the white matter and the cowl were 
much softer than normal. 

Case 2 

This subject, a soldier aged 28, had sustained a gun-shot wound in the left 
upper arm. He was treated with sulphonnmides and penicillin but developed 
signs of gas gangrene in hospital and died four days later. Fifteen days elapsed 
between the date of injury' and death. 

A post-mortem examination was performed six hours after death. The 
subject, a well-built adult male, showed a penetrating wound extending from 
the left upper arm through the deltoid muscle, fracturing the head of humerus 
and upper part of scapula and emerging through the supraspinatus muscle. 
Gangrene could bo seen extending into the muscle surrounding the wound 
track. Bacteriological examination confirmed the diagnosis. No obvious 
abnormality could bo found in the cardiovascular system. Both pleural cavities 
contained about three pints of clear fluid. The lungs were cedematous and 
patchily congested. No significant abnormality could be seen in the abdominal 
organs. The brain was irregularly congested but there was no sign of softening. 


Histology 

The appearances were very similar in the two service cases and the following 
accoimt of the histology is taken mainly from case 1. Paraffin sections were 
stained with hrcmalum and eosin, frozen sections with sudan IV. The central 
nervous system was examined by the methods of Marchi, Weigert-Pal and 
Alzheimer. 

Lungs. Pieces of tissue were examined from both lucmorrhagic and non- 
ha*morrhagic areas. In the latter, paraffin sections showed intense congestion 
and alveolar ccdema. Large numbers of “ heart failure ” cells were present 
in the alveoli ; they contained both iron-reacting granules and tiny globules 
staining red with sudnn dyes. The hemorrhagic areas had the typical appearance 
of infarcts. Thrombosis was common around these areas. In both infarcted 
and non-infarcted areas frozen sections showed that many of the vessels contained 
fat emboli. 

Kidneys. Tile cortical tissue was much congested. Glomeruli were enlarged 
and the tufts in most instances filled their capsules. Glomerular haemorrhages 
were common. In many cases the capsular epithelium was cuboidol. There 
was some dilatation of the limbs of Henle and the epithelium showed very 
slight fatty degeneration. Fat emboli were present in a few glomerular tufts 
and adjacent vessels. 

Nervous system. Changes in this region were marked in the case without 
fracture and the patient became blind several hours before death. Examination 
of sections suitably stained showed that many parts of the brain and cord were 
demyelinated (fig. 12). This was most marked in the optic nerves. Other 
areas showed myelin degeneration. The vessels of the cord and brain were 
much congested and many were thrombosed, the thrombi containing many 
polymorphs. Fat emboli were common (fig. 10). Some of these seemed to 
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consist of clusters of tiny fat particles (fig. 9). In several capillaries the endothelial 
cells had phagocyted considerable numbers of these fat particles (fig. 11). 

Spleen. The sinusoids were greatly dilated. The red cells showed a 
tendency to clump and fuse and many of the fused masses had been taken 
up by macrophages. There was, however, little evidence of gross liEemolytic 
activity. 

Liver. The central veins and their tributaries were dilated and around 
some of them the liver cells had become necrotic. 'The rest of the liver tissue 
showed occasional areas of very slight fatty deposit but this had no distinctive 
distribution. 

Adrenals. Degenerative changes were noted in the cortical cords of cells 
resulting in an apparent formation of glandular lumina. / 

In none of these organs was there any evidence of embolic or septiwemic 
spread of Clostridia. 

Case 3 

J. W., aged 29, a soldier, was admitted to the Queen Elizabeth Hospital, 
Birmingham, on 23.10.44. A year previously a diagnosis of sarcoma of the left 
ilium had been made. Deep X-ray therapy had relieved the symptoms but these 
returned and on 24.10.44 paraplegia with retention of urine developed. The 
temperature began to spying between 97° and 104° F. for no apparent reason. 
On 3.11.44 jaundice appeared, by 14.11.44 the patient complained of diplopia 
and on 15.11.44 he died. 

\ 

Post-mortem examination 

Externally there was marked wasting, jaundice and abdominal distension. 
Large quantities of free gas escaped when the peritoneum was opened. 

No abnormality could be found in the heart or pericardium. Both p eura 
cavities contained about 3 pints of slightly blood-stained fluid. The ungs 
were deeply congested and cedematous and many small infarcts were preson • 
Masses of semi-necrotic white growth filled the upper anterior medi mum. 
The bodies of the 2nd, 3rd and 4th dorsal vertebrae were invaded and the cor 
was compressed. The apex of the left lung was involved in growt u 
was obviously metastatic. . ,,l # 

The stomach and intestines were normal, although distende . *? , . 

whole of the liver was honeycombed with gas bubbles. The spleen "as o 
type. The kidneys, which were enlarged, showed intense pyelonep i . 
the cortex was riddled with small holes. The bladder wal "as 1 
haemorrhagic and extensively ulcerated. » ,, which 

The blade of the left ilium was diffusely softened by new-gro . ^ 

bulged into the peritoneal cavity. The tumour measured approxima 
but its outlines were very diffuse. The pre-aortic lymph glan wer ° : rre{ mlor 
No gross abnormality could be found in the brain apart rom sm 
areas of congestion in the white matter. 

Histology . ^ 

Iliac tumour. Sections showed that this was a malignant end 
Ewing type. . _ t j le jjj nc growth* 

Lungs. The tumour here was obviously a metastasis r esfion, with 

The remainder of the lungs showed marked cedema an emboli "e re 

many “heart-failure” cells. Frozen sections showe 0 f Clostridia we 1 ® 

even more numerous than in the previous case. Small co ° nie f , f a t emboli, 
present in the pulmonary vessels but were not associate " bacteria and the 
infarcts or tumour. No reaction could be seen aroun 1 = „ or t e ro or agonal 
appearances suggested that their presence was a pos 
phenomenon. 
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Clostridial myositis 



Fio. 3. — -Necrotic muscle fibres embedded in fibrin network. Grain’s stnm. X 100. 



Flo. 4. — A bundle of muscle fibres showing less advanced necrosis The fibres arc 
widely separated and the connective tissue has been broken up A marked 
leucocytic reaction is present along the (upper) lateral margin of the bundle. 
Hematoxylin and eosm.. x75. 
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Tig 8 — Section of muscle showing an 
appearance occasionally seen among fibres 
distant from the wound surfaco Koto tlio 
w ide separation of musclo bundles and the 
isolated sw ollon necrotic fibres Hi_mnto\y 
lin and eosm x 100 



Fig 9 — V largo fat embolus consisting of many 
adhering small globules in a medullary vessel 
of the spinal cord Case 1 H'cmntoxylin 
on 1 Sudan I\ X 400 




JOURNAL OF PATHOLOGY— VOL. LYIII 


Pjlatc LXIV 


Clostridim. nvosrris 



Fio. 10. — Section of brain from com? 2. All tho Fio. 11. — Section of brain from case 1 
capillaries nro filled with columns of fat. showing u rnpillnry in which tho endo- 
Hrcmatoxylin and Sudan IV. x 75. thehal rolls nro laden with fat particles. 

Hematoxylin and Sudan IV. X 400. 



Fio. 12. High power view of the periphery of the thoracic spinal cord of case 1, stained 
Weigcrt-Pal. Note irregularity of myelin sheaths and partial or completo dis- 
appearance of many others. X 420. 
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Kidneys. The spaces noted post mortem were obviously due to gas bubbles 
and masses of clostridial organisms lay in close relation to them. No sign of 
reaction could be seen around them. There was marked subacute pyelitis and 
clostridial organisms were present in large numbers in this situation. The 
tubules showed widespread necrosis and some of them contained pigmented 
casts. Cuboidal transformation of the capsular epithelium was present in 
some of the glomeruli and a few of them contained small fat emboli. 

Liver. The liver cells were very degenerate but there was no sign of necrosis. 
Masses of Clostridia surrounded the gas bubbles. As in the lungs this appeared 
to be a post-mortem or agonal invasion. 

Nervous systern. Demyelination and myelin degeneration were found in 
many parts of the brain. Fat emboli were extremely common and were almost 
always found near the areas of myelin change. Thrombosis was also common. 

No significant change could be found in the heart, spleen or adrenals. 


Commentary 

Prior to short communications by Frazer et al. (1945) and Cooke 
el al. (1945) no mention has been made of fat embolism in relation 
to clostridial infections. Kettle (1919), in one of the few detailed 
pathological studies of gas gangrene, makes no mention of lung 
lesions. Eliot (1927) described the occurrence of subpleural haemor- 
rhages in human cases but did not make a detailed investigation of 
the cause. Gordon et al. (1940) described symptoms and post-mortem 
changes in animals injected with type A welchii toxin which suggest 
fat embolism. The symptoms were acute dyspnoea, blood-stained 
froth at the nostrils, muscular incoordination and weakness. Post 
i mortem the lungs showed haemorrhagic oedema. It is interesting fco 
note that in 1902 Westenlioeffer described fat embolism due to the 
action of gas-forming organisms, but he was of the opinion that it 
was a post-mortem phenomenon. He does not appear to have identified 
the organism responsible. Burger (1910) declared that this explanation 
was untenable and that fat embolism was an ante-mortem occurrence. 

The occurrence of fat embolism in the present cases does not 
appear to be accidental. It was found in the service casualty where 
no fracture was sustained and in the case of paraplegia. The question 
appeared to be finally settled. by animal experiment (Cooke et al., 
1945). Injections of welchii toxin into the thigh muscles of guinea- 
pigs and rabbits invariably gave rise to pulmonary fat embolism. 

At least three possible explanations require consideration. Welchii 
toxin contains a high proportion of lecithinase and this ferment, by 
its solvent action on the local fat cells, may set the fat free to find its 
way into the general circulation. The ferment itself may find its 
way into the blood stream and it has been shown that it will split 
the blood lipoprotein (Nagler, 1939) and flocculate the chylomicrons 
(Elkes and Frazer, 1943-44). Either of these reactions may result in 
the formation of fat emboli, but it requires several hours* incubation 
for their in-vitro demonstration and fat emboli have been found in 
guinea-pig lungs one hour after the intramuscular injection of toxin. 



430 


A. D. T. GOVAN 


Whatever the cause of the liberation of free fat in the blood stream, 
its marked phagocytosis by the capillary endothelium indicates that 
the body can deal with a considerable amount of fat in globular form, 
and although fat embolism is probably of frequent occurrence in a 
variety of circumstances (Robb-Smith, 1941) it is likely that a fatal 
issue is rare unless vascular obstruction is extensive. 


Summary 

1. The histology of the local muscle lesion in gas gangrene i» 
described. 

2. Evidence lias been found to indicate that capillary and venous 
thrombosis is one of the main factors responsible for the mode of 
spread of gas gangrene in muscle. 

3. The occurrence of widespread fat embolism in clostridial infec- 
tions is described in detail for the first time. 
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THE PATHOLOGY OF SIMPLE GASTRITIS 

H. A. Magnus 

Department of Pathology, St Bartholomew's Hospital , London * 
(Plates LXV-LXIX) 

The histological investigations recorded in this paper were undertaken - 
in order to examine the repeated claims made between 1926 and 1935 
by Faber (1935) and Konjetzny (1928, 1930, 1934, 1935 ; Konjetzny 
and Puhl, 1926) that the structural changes in the gastric mucosa 
which they describe as gastritis stand in close causal relationship with 
simple peptic ulceration and gastric cancer. 


Material and technique 

The material investigated comprises two groups of specimens. 

1. Twenty presumably “ normal ” stomachs removed post mortem following 
the injection of formalin into the stomach 15 minutes after death. The degree 
of autolysis after delay in fixation beyond 45 minutes was found materially to 
increase the difficulty of histological analysis. After a delay of two hours exact 
interpretation of histological appearances becomes impossible. 

2. One hundred partial gastrectomy specimens. 

The “ Swiss -roll ” technique and the histological methods used in this 
investigation have already been fully described (Magnus, 1937). 


Glassification 

The investigation was confined to the structural changes found in true 
inflammatory gastritis, excluding acute phlegmonous gastritis in which bacteria 
are readily demonstrable. Non-inflammatory gastritis as found in Addisonian 
pernicious anaemia, confined to the body area of the stomach and involving the 
whole thickness of its wall but not affecting the pyloro -duodenal region, was 
described in a previous paper (Magnus and Ungley, 1938) and is not dealt with 
here. This leaves for consideration the pathology of acute and chronic gastritis, 
•which will be dealt with according to the following classification. 

Acute erosive gastritis 

( 1 1 

PYLORIC DIFFUSE 

. II II 

CHRONIC ATROPHIC CHRONIC DIFFUSE 

PYLORIC GASTRITIS. ATROPHIC GASTRITIS. 
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Pathology 
Acute erosive gastritis 

In the literature this type of gastritis is usually divided into two 
types on astiologieal grounds. Acute diffuse erosive gastritis is 
endogenous in origin and intimately related to acute bacterial 
infection and toxaemia. Nyfeldt and Vimtrup (1932) have described 
it in children dying from diphtheria and it has been produced 
experimentally in animals with diphtheria toxin by Enriquez and 
Hallion (1893), Hayem (1905) and Thomsen (1924-25). On the other 
hand "the available evidence suggests that acute erosive gastritis 
localised to the pyloric antrum is exogenous in origin and is often 
associated in its acute and chronic phases with chronic ulceration of 
the stomach. 

Acute erosive pyloric gastritis 

The investigations recorded in this paper confirm the close 
association between this condition and simple peptic ulceration. The 
transition from acute erosive pyloric gastritis to a similarly localised 
chronic atrophic gastritis will be described. Emphasis will be laid 
on the remarkable liability of the acute process when once established 
in the pyloric antrum to repeated recurrence. The acute and chronic 
phases are therefore often found together. It is significant that 
erosive pyloric gastritis was not found in the post-mortem material 
examined. 

Macroscopically, the most striking characteristic of this condition 
is its sharp localisation to the pyloric mucosa and the first few cm. 
of the body mucosa, the rest of which appears to be normal. The 
mucosa of the pyloric antrum is red, cedematous and covered bv a 
patchy layer of adherent mucus. The erosions, ranging in number 
from a few to over a hundred and in size from a pin’s head to severa 
mm. in diameter, are elongated and ovoid and appear to be funne 
shaped because of mucosal oedema. These naked-eye appearances 
immediately recall Beaumont’s description of the stomach of t e 
famous Alexis St Martin after dietetic and especially alcoholic excess 
(1838), and more recently those described by Wolf and Wolff (I 
in their book Human gastric function. . r 

Microscopically there is intense polymorphonuclear infiltration 
the interstitial tissue of the pyloric mucosa and the first cm. or so 
the body mucosa. Lymphocytes, plasma cells and eosinop n s 
present in small numbers (fig. 1). This cellular exudate is .°^ ie 
perivascular and is most intense in the sub-epithelial layer an ® ^ 
gastric tips which, in many cases, are distended by sero n _ ^ 
exudate (fig. 2). There is widespread capillary hyper*® 13 0 
mucosa. Thrombosis does not occur. The glandular epi ] 
shows degenerative changes and a variable but often consi 
degree of desquamation into the dilated lumen (fig. 3). 
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The surface epithelium shows striking changes. The cells are 
flattened and cuboidal, with darkly staining oytoplasm and frequent 
mitotic figures. They are often reduplicated to form a layer several 
cells thick, their limiting membranes becoming blurred and indistinct 
(figs. 4 and 5). Perhaps the most remarkable change is the presence 
between the cells of large numbers of vacuoles which contain poly- 
morphonuclear leucocytes (fig. 6). These cells are also present in large 
numbers in the overlying mucus. These changes in the surface 
epithelium are only found in erosive gastritis and if accompanied 
by “ erosions ” indicate that an acute exacerbation of the inflammatory 
process has occurred. 

The typical erosion involves only the superficial part of the 
mucosa (fig. 7). If it extends through the mucosa and muscularis 
mucosta into the submucosa it should be regarded as an acute ulcer. 
Its floor is composed of fibrinoid material covered by a small amount 
of exudate containing polymorphonuclear leucocytes (fig. 8). Deep 
to the floor the interstitial tissue is cedematous and infiltrated by 
polymorphonuclear leucocytes and lymphocytes. No evidence of 
fibrosis is seen around the erosion, which presumably heals without 
leaving a scar. All the erosions seen in the material examined had 
a floor composed of fibrinoid material and none was so small that it 
could not have been seen with a hand lens. 

In every case the body mucosa, apart from the first cm. or so near 
the pyloric mucosa, showed no evidence of acute erosive gastritis. 
In a few cases it showed the changes of diffuse atrophic gastritis, whioh 
had presumably been produced in the first place by an acute diffuse 
gastritis probably endogenous in origin. 


Chronic atrophic gastritis 

In the majority of cases this condition was localised to the pyloric 
antrum and was only occasionally found as a diffuse lesion. Histo- 
logical evidence strongly suggests that it is inflammatory in origin 
and the result of repeated attacks of acute erosive gastritis. From 
the material examined it was clearly associated with both simple and 
malignant ulceration of the stomach and duodenum. 

The gastric mucosa in chronic atrophic gastritis may be compared 
with the heart in rheumatic fever. Each wave of acute inflammation 
does a little more damage, produces a little more atrophy and reparative 
fibrosis and, in any particular stomach, the lesion present may be a 
mixture of the acute and chronic phases of the disease. 

Macroscopically, the mucosa in chronic atrophic gastritis, apart 
from evidence of an acute exacerbation, commonly shows no naked- 
eye abnormality even though, histologically, a severe degree of 
gastritis is present. In collaboration with H. W. Eodgers I have been 
able to obtain partial gastrectomy specimens from patients previously 
gastroscoped by him, and, in many cases, the negative gastroscopic 
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appearances gave no hint of the presence of the underlying histological 
clianges (Magnus and Rodgers, 1938), 

In one normal stomach and in the normal body mucosa of several 
partial gastrectomy specimens in which gastritis was iocalised to the 
pyloric antrum, a condition has been present which has been described 
by French writers under the name of etat manunelonne. In this 
condition the gastric areas are unduly prominent, due to an increase 
in depth of the furrows surrounding them. Konjetzny and others 
describe this as hypertrophic gastritis (fig. 9). The condition has 
been found in apparently normal stomachs and measurements of the 
depth of the mucosa in sections of these unduly prominent are® 
gastric* show that it is no greater than the average depth of normal 
mucosa. It seems reasonable, therefore, to regard this condition as 
an exaggeration of the normal mucosal pattern and comparable to 
lingua plicata . 

In some cases of chronic atrophic pyloric gastritis the mucosa of 
the pyloric antrum is remarkably flat and has a glistening appearance 
and the are* gastric* are almost invisible ; in others the muscle coat 
in the pyloric antrum seems to be thicker than normal and gives a 
firm, somewhat rigid feeling to this region. The serosal coat as a rale 
is normal but may sometimes be congested, especially if there he an 
acute exacerbation of the inflammatory' process in the mucosa. 
Microscopically there is a striking diminution in the number of 
mucosal glands present and a corresponding increase in the amount 
of interstitial tissue (figs. 10 and 11). This glandular atrophy, how- 
ever. never reaches the extreme degree seen in noninflammatory 
atrophy of the body mucosa. Of the surviving glands some may show 
little change, while in others the lining cells are in various stages o 
degeneration. Frequently adenoma-like structures are produced y 
groups of surviving glands being cut off and surrounded by proliferating 
connective tissue. Occasionally some of the glands dilate to onn 
cysts which are lined by flattened cubical cells so-called c ronie 

cystic gastritis (fig. 12). _ . 

If the body mucosa is involved the changes in the glan s a 
even more striking (fig. 11). In many glands the ce ^ s are V . S ' 
degenerate or have disappeared ; the parietal cells frequent y surn ^ 
Sometimes whole glands have disappeared, leaving sma iso 8 . 
groups of parietal cells in. the interstitial tissue. In ot er cas< - 
neck chief cells proliferate and grow down into the giant s, (' e P ^ 
the destroyed chief cells, so that glands are produced w nc ' 


resemble pyloric glands (fig. 13). . there is 

The interstitial tissue is considerably 7 increased, so - s is 

little decrease in the thickness of -the mucosa. Xo sue i ^ ^ onlia j 
seen in non-inflammatory atrophy of the mucosa, n f or 

mucous membrane the interstitial tissue is sparse an c 
the most part of argyrophil reticulum. In chronic a rop ° ^ ^ 
there is free production of collagen. There is eonsAnUe 
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infiltration -with plasma cells (which predominate), lymphocytes, 
-eosinophils and Russell’s body cells. The plasma cells aro usually 
in greatest numbers in the more superficial half of the mucosa, whilst 
the lymphocytes are most abundant in the deeper half, near the 
muscularis mucosa;. The lymphocytes may be arranged in lymph 
follicles, with germinal centres, resting on the musoularis mucosa;. 
Sometimes the lymph follicles are very numerous and extend through- 
out the mucosa in all directions. They then frequently make their 
way through the muscularis mucosas into the submucosa (chronic 
follicular gastritis— fig. 14). The cells of the surface epithelium and 
pits may be normal or may show that state of activity so typical of 
an acute exacerbation already described. The microscopic bud-like 
and polypoidal out-growths of the surface epithelium and down- 
growths of the pits described by German writers ns being such a 
characteristic feature of this type of gastritis have not been seen 
in the material examined. Epithelium of the intestinal type is 
frequently found in mucosa showing the changes of atrophic gastritis ; 
this subject has been dealt with in a previous paper (Magnus, 1037). 

Analysis of results 

The following lesions were found in the hundred partial gastrectomy 
specimens examined. 


Primary or secondary malignant ulceration in . . . .33 

Simple gastric ulcer in 40 

Simple duodenal ulcer in 10 

Chronic atrophic pyloric gastritis without ulceration in .5 

Chronic atrophic pyloric gastritis with sears of healed ulceration in 3 
Chronic atrophic diffuse gastritis with scars of healed ulceration in 1 
Acute erosive pyloric gastritis without ulceration or scars in . 2 


The forty-six specimens in which there was simple gastric ulcera- 
tion showed the following additional lesions. 

Acute erosive pyloric gastritis with macroscopic 

erosions and severe atrophic gastritis in . . 2 ( 4-3 per cent.) 

Acute exacerbation of chronic atrophic pyloric 

gastritis in 5(10-9 „ ) 

Chronic atrophic pyloric gastritis in . . . 25 (54-4 „ ) 

Chronic diffuse atrophic gastritis in . . .14 (30-4 „ ) 

Gastritis was thus present in every case. It was severe in degree, 
with considerable fibrosis and cellular infiltration. Intestinal epithelium 
was found in thirty-four cases (73-9 per cent.). In two cases it had 
replaced almost the whole of the gastric mucosa examined. Puli] 
(1926, 1927) found macroscopic erosions in the pyloric antrum in 
27-1 per cent, of his cases and Konjetzny found this lesion in 100 
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per cent. The low incidence (4-3 per cent.) in the present series is 
striking. 

The ten specimens in which a duodenal ulcer was found to be 
present at operation showed : 

Mild quiescent chronic atrophic pyloric gastritis, with 

intestinal epithelium, in . . . . 2 (20 per cent.) 

Mild quiescent chronic atrophic pyloric gastritis, 4 

without intestinal epithelium, in . . . 8 (80 „ ) 

The mild degree of gastritis found and the absence of erosive 
gastritis in these cases is noteworthy. Walters and Sebening (1932) 
also found erosive gastritis to be uncommon in association with 
duodenal ulcer and chronic pyloric gastritis to be similarly mild in 
degree. Puhl (1926) and other German writers found erosive gastritis 
to be associated with chrome duodenal as frequently as with chronic 
gastric ulceration. 

Regarding the specimens in which chronic atrophic pyloric gastritis 
(5 cases) or acute erosive pyloric gastritis (2 cases) was present in 
association with chronic gastric ulceration, it would appear that these 
conditions may give rise to symptoms sufficiently severe to justify 
partial gastrectomy. In four other cases chronic atrophic gastritis- 
diffuse in one case, pyloric in the remainder — was present in association 
with one or more scars of healed ulcers. 

Acute erosive pyloric gastritis without chronic ulceration is 
probably the lesion responsible for what has been called the pyloric 
syndrome, in which the symptomatology is claimed , to be identical 
with that of chronic peptic ulceration. Many 7 pathological descriptions 
of this condition are to be found in the literature. The incidence in 
partial gastrectomy specimens in this series of acute and chronic 
gastritis with no evidence of active or healed chronic gastric ulcer is 
7 per cent. This figure compares favourably with the incidence o 
8-8 per cent, in a similar series of specimens reported by Aschner an 
Grossman (1933). 

Gastritis and gastric cancer 

Konjetzny and Hurst have for long presented arguments t° sio 
that cancer of the stomach develops on the basis of a chronic 
In his Schorstein lecture in 1929 Hurst stated that a diffuse a 
gastritis, accompanied by achlorhydria, preceded the ^ 

of cancer of the stomach in 75 per cent, of cases and t a i ^ 
in fact, be regarded as a pre-cancerous state. Konje ^ 

1934, 1935) strongly supports this view and in addition s ^ 
severity of the atrophy present in association with carcino^^ ^ 
describes numerous changes which he regards as P r ®.' ca ^ growth, 
in which he has observed transition stages to ma gn str jfa 
These hyperplastic changes, so-called a trophic-hype rp as 
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consist of wart-like polypoidal outgrowths of the surface epithelium 
accompanied, in some cases, by tubular downgrowths of the epithelium 
into the mucosa and underlying submucosa. 

Thirty-three gastrectomy specimens in this series in which adeno- 
carcinoma was present showed the following lesions : 

Primary malignant ulceration in ..... 25 

. Carcinoma arising in a chronic gastric ulcer in ... 8 \ 

Of those, showing primary malignant ulceration there, was chronic 
diffuse atrophic gastritis in three (12 per cent.) and chronic pyloric 
atrophic gastritis in twenty-two (88 per cent.). In the eight specimens 
of carcinoma originating in simple chronic ulceration, chronic atrophic 
gastritis localised to the pyloric antrum ' was present in all cases. 

The criteria used for the diagnosis of malignant transformation of a 
simple chronic ulcer were those published by Hurst and Stewart 
(1929) and Newcomb (1932-33). 

As in the case of simple ulcer the gastritis, when pyloric in 
distribution, involved the entire pyloric antrum and was not localised 
to the mucosa in the immediate neighbourhood of the growth. An 
acute exacerbation of gastritis with the presence of erosions was not 
observed in any of the specimens. Erosions were present in one case 
in both body and pyloric antrum, but they were not produced by 
gastritis. In the case in question the submucosal lymphatics were 
filled with growth throughout the portion of stomach involved and 
in many places growth had extended up from the submucosa into the 
mucosa and formed small intramucosal nodules of growth over which 
the mucosa had given way to form erosions. These, macroscopically, 
resembled the inflammatory erosions of gastritis. In no case were 
any of the hyperplastic or precancerous changes described by Konjetzny 
observed. 

In the twenty-two cases of primary malignant ulcer in which the 
gastritis was localised to the pyloric antrum the body mucosa included 
in the specimens was normal. If, therefore, achlorhydria precedes the 
formation of gastric cancer as frequently as is stated, it is not due to 
destruction of the parietal cells in the body mucosa. It may be noted 
here that in three cases of primary malignant ulcer a fractional test- 
meal showed free hydrochloric acid before the injection of histamine. 

It is worthy of emphasis that in all specimens showing gastric 
carcinoma there was a singular absence of the widespread non- 
inflammatory atrophic change in the gastric mucosa which accompanies 
the achlorhydria of Addisonian amemia and in no case was there a 
significant diminution in the total number of parietal cells. 

Conclusions 

1. Simple gastritis may be divided into inflammatory and non- 
inflammatory types which differ fundamentally from each other. 

JOCEN. 0? PATH — VOL XYin 2 G 
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2. Inflammatory gastritis is a lesion characterised in its acute 
stage by the presence of erosions, exudate in the gastric tips, activity 
of the surface epithelium, destruction of glands and polymorphonuclear 
infiltration of the mucosa accompanied by transmigration of the 
surface epithelium by polymorphonuclear leucocytes. In its chronic 
state it is characterised by atrophy of the glandular parenchyma, 
fibrosis of the mucosa and submucosa, intense infil tration of the 
interstitial tissue by plasma cells and lymphocytes, and metaplasia 
of gastric to intestinal epithelium. 

3. Non-inflammatory gastritis or “ idiopathic ” atrophy of the 
stomach is characterised by extreme atrophy of all coats of the stomach 
wall and is not accompanied by any evidence of past or present 
inflammation. 

4. The chronic stage of inflammatory gastritis is an extremely 
common condition but in the majority of stomachs it is a quiescent 
and harmless lesion. 

5. At least 10 per cent, of all adults develop a chronic peptic ulcer 
at some time in their lives and this investigation strongly suggests that 
such lesions arise on the basis of an erosive gastro-duodenitis. There 
is no explanation why this extremely common lesion should heal in 
the majority of cases whereas in some 10 per cent, an erosion should 
become a chronic ulcer. 

6. Inflammatory gastritis, identical with that found in association 
with peptic ulceration or occurring alone, was found in association 
with gastric cancer. No evidence was found to support the theory 
that inflammatory gastritis, or any sequel of it, can be regarded as a 
pre-cancerous state. 

This paper is based on a thesis accepted for the degree of M.D. (Pathology) 
by the University of London in 1937. The work was carried out with the ai 
of a grant from the British Empire Cancer Campaign. . , 

My thanks are due to Professor G. Hadfield for much helpful advice an 
criticism and to my technician, Mr George Harwood, who helped mo to ela ora e 
the “ Swiss-roll ” technique and was responsible for cutting many hun re 
beautiful sections. 
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INHIBITION - OF VARIOUS CLOSTRIDIA 
BY PENICILLIN IN HUMAN SERUM 

R. W. N. L. Ross 

From the Sir William Dunn School of Pathology and the Raicliffe Penicillin 
Unit oj the Medical Research Council, Oxford, and (fie Emergency Public 
Health Laboratory , Cardiff 

(Plates LXX and LXXI) 

The work described in this paper was an attempt to find a basis for 
an adequate dosage of penicillin in the treatment of clostridial 
infections in man. For this purpose it was considered necessary to 
discover : (1) the concentrations of penicillin inhibitory to various 
strains of Clostridia ; (2) a method of demonstrating, in human 
serum, concentrations of penicillin of the same order ; (3) the duration 
of an inhibitory concentration in the serum of man following single 
intramuscular doses of penicillin. 

Five cultures of CL welchii from different sources were used, namely strains 
“ T ”, “ E ” and “ V ” of unknown origin, no. 273 of the National Collection of 
Type Cultures, and strain “ R ” from normal fasces. One strain each of Cl. 
ademaliens and Cl. septique was also used. 

All strains of Cl. welchii produced typical colonies on blood plates anaerobic* 
ally, broke up glucose agar in shakes and produced a stormy clot in litmus 
milk containing a piece of iron. They produced a vigorous Nagler reaction when 
grown on nutrient agar containing human serum (Hayward, 1943) and neutralisa- 
tion by antitoxin occurred in every case. Each strain was virulent for guinea- 
pigs. Strain “ T ”, later found to bo the most resistant to penicillin, kept its 
characteristics through repeated subcultures for 6 months. 

Preliminary testing of Brower’s medium (Brewer, 1940) was carried out to 
exclude the inactivation of penicillin by the medium itself, and it was found 
that (a) titrations done aerobically with the Oxford strain of Staph, aureus 
(N.C.T.C. no. 6571) in nutrient broth and in Brewer’s medium were practically 
identical, (6) titrations with 01. welchii done aerobically in Brewer’s medium 
and anaerobically in broth also agreed closely, and (c) the drop in potency, 
as measured by the cylinder test (Heatley, 1944), when a penicillin solution 
was mixed with an equal volume of sterile culture medium and incubated for 
16 hours was exactly the 6ame whether the medium was broth or 7 Brewer’s 
medium. 


The concentration of penicillin inhibitory to 
various strains of Clostridia, 

1. In liquid culture. A genes of dilutions of a penicillin solution was 
made in 0*5 c.c. volumes in 15 cm. test-tubes. 14*5 c.c. of Brewer’s 
medium were run into each tube from a pipette filled from a 100 c.c. 

JOCRJf. or PATS.— Y0L. lYHI 441 2 G 2 



442 


R. W. N. L. ROSS 


\ 


bottle previously inoculated with 0-25 c.c. of a 24-hour culture of 
the test Clostridium in Brewer’s medium. (The tubes used for these 
experiments gave a fluid column about 8 cm. high with the quantities 
given.) The completed set of tubes was incubated for 16 hours at 
37° C. At first, inhibition was judged by absence of turbidity of the 
medium, but it was later found convenient to add enough neutral 
red to the culture medium to give a final concentration of 1 in 10,000. 
The growth of an anaerobe in such a medium produces an intense 
greenish yellow fluorescence in sharp contrast to the original red 
colour, due to the intense drop in Eh produced by anaerobic growth. 

Results. Table I gives an average result of 31 experiments done 
with five of the strains tested. Strains “ T ”, “ E ” and “ V ” of 
Cl. luelchii all showed similar sensitivity. The table indicates that 


Table I 

Growth of cloatridia in Brewer's medium containing penicillin 


Final concentrations 
of penicillin 
(units per c.c.) 


Growth of 


Cl. icelchii 
(strains T, E and V) 

Cl. tepligue 
(1 strain) 

Cl. ademali'M 
(1 strain) 

0-6 



' — 

0-4 

*f* 

— 

— 

0-2 

4 - 

— 


0-1 

++ 

ifc 

, ^ . 

0-0 

+++ 

+ + + 

-H~r 


4- 4- = growth showing a smooth turbidity tlirougliout medium and froth at top 

(fig- 1,0). 

-f ~ = less turbidity, part of medium clear (fig. 1, A). 

-f = still less turbidity, more than half medium clear. 

dz — a thin layer of turbidity either at the top or bottom of the tu , or 
discrete colonies (fig. 1, B). 

— = no growth. 


the highest concentration permitting growth was 0-4 unit per c.c., 
yet in individual experiments it ranged from 0 - l to 0-8 unit per c. • 
Strains “ R ” and 273 were found to be more sensitive ; in our 
experiments they were completely inhibited by 0'06 unit _P er c ’ ' 
The strains of CL septique and Cl. cedematiens were more sensitive ® 
welchii strains “ T “ E ” and “ V ” but less so. than “R a™ 

It was usually found that the control tube in dilution es s ^ 
turbid and frothing after two hours’ incubation, but no c mnge ^ 
visible in any of the tubes containing penicillin. Some of t iem 
show growth after further incubation, but it was less cQn _ 

in the controls. In addition to this slowing of gro . cef j 
centrations too weak to cause total inhibition, penicillin i pr 
growth abnormalities, particularly with strain “T a f , tion a 
extent with strains “E” and “V”. After 48 hours mcubat 
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ABC 


Fig. 1 — Cult res of Cl uelchn, strain “T”, grown in Brewer’s medium (A) far 
72 hours at 37' 9 C without penicillin typical rods (B) for 48 hours at 37® C. 
m 0 4 unit of penicillin per c c filamentous forms (C) for 24 hours at 37® C 
in fresh Brewer’s medium from abnormal colon} in culture B , t}pical rods. 
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proportion of tubes in a titration developed objects macroscopically 
resembling mould colonies floating in a clear medium (fig. 1, B). 
Microscopically these colonies consisted of a tangle of threads im- 
perfectly divided by occasional septa (fig. 3). When such a colony 
was implanted into fresh Brewer’s medium, it recovered the cultural 
characteristics of the parent organism (figs. 1 and 4). 

2. On agar blocks. Morphological changes produced by growing. 
Clostridia in small concentrations of penicillin were also studied by 
inoculating the spores of 01 . septique on to small blocks of nutrient 
agar containing 0*2 per cent, sodium thioglycollate and from 0-02 to 
0-5 units of penicillin per c.c. These blocks after 10 hours’ incubation 
at 37“ C. were examined with the naked eye and under the microscope : 
the results are summarised in table II. 


Table II • , 

Morphological changes in Cl. septique partially inhibited by penicillin 


Effect of penicillin on growth appearances of agar slab cultures 

Strength of 
penicillin 
(units per c c.) 

Macroscopic 

Microscopic 

Length . 
Breadth ratI 

0-0 

Numerous compact 
colonies 

Spores nnd numerous short 
bacilli in well defined colonios 

3: 1 

002 

Numerous colonies 
less well defined 
than control 

No spores ; bacilli somewhat 
less closely arrayed ; longer 

5: 1 

0*3 

No colonies 

Occasional shadowy bacilli 



Inhibition of Clostridia by human serum containing penicillin 

Samples of human serum were made suitable for allowing clostridial 
growth by the addition of 1 : 500 sodium thioglycollate and then 
incubating in Wright’s slide cells (Colebrook et al., 1923) or the capillary 
tubes described by Fleming (1944). Penicillin titrations were done 
in duplicate in slide cells and capillary tubes, with and without 
sodium thioglycollate. This experiment was done repeatedly with 
staphylococci and with the “ T ” strain of Cl. welchii. No demonstrable 
difference in the level of inhibition could be attributed to the presence 
of the thioglycollate. (The growth of Cl. welchii in small volumes 
of serum in an anaerobic jar was found to be less reliable than that 
produced by the method described.) 

The following method was then used for demonstrating the 
inhibition of Clostridia by penicillin in serum. On a waxed slide were 
placed G-o.mm. droplets of (a) saline as a control, and (b) solutions of 
penicillin in order of increasing concentration. With each droplet 
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were then mixed 45 c.mm. of the following mixture (hereafter described 
a-s “ Mixture X ”) : 

450 c.mm. of fresh serum 

50 ., „ 2 per cent, neutral sodium thioglycollate 

25 .. „ a 1 : 100 dilution of a 24-hour culture of Clostridium in 

Brewer’s medium. 

The samples were then run into slide cells which were sealed and 
incubated overnight. In the control cell, Gl. wdchii produced the 
following appearances : (a) compact discrete colonies, ( b ) a dense halo 
of turbidity around each colony (the Nagler reaction), (c) gas bubbles, 
and (d) haemolysis of red blood corpuscles if any were present. 

The strains of Gl. cedematiens and Cl. septique grew readily under 
these conditions, producing gas and haemolysis; GL cedematiens 
produced discrete colonies, Gl. septique a diffuse haze. 

The strains of Gl. welchii “ T ”, “ E ” and “ V ” were completely 
inhibited by 0-8 Oxford unit per c.c. and partly inhibited by con- 
centrations down to 0-2 unit per c.c. These findings thus agreed with 
those obtained in Brewer’s medium alone (see table I). Strains 273 
and “ It ” were inhibited by about 0-06 unit per c.c., but whereas 
this was constant over a considerable range of inoculum size, the 
more resistant strains “ T ”, “ E ” and “ V ” gave an end-point 
dependent on the number of bacteria. There was little difference, 
however, when the number of organisms per cell was between 3 
and 300. 


The duration of an inhibitory concentration in the serum of man 
following single intramuscular doses of penicillin 

This was investigated as follows, {a) Five c.c. of the subjcc^ 
blood (a volunteer) were drawn from a vein and allowed to c o w 
dry tube. ( b ) A single injection containing a known num w ^ 
Oxford units of penicillin was given intramuscularly. . ( c ) , g 
volumes of capillary blood were drawn off at intervals m r ’ . 
capsules and allowed to clot, (d) The serum from each oo 8 ^ 

was collected and centrifuged to clear if necessary , an se 
follows. To each sample of serum, thioglycollate an ' Dor tions 

culture were added so as to form a mixture of the same 
as “ h fixture X”. With the exception of the control samp 
dilutions were made, using the control mixture as ^L^bafe! 
c.mm. of each were then run into slide cells, sealed an f CS t 

overnight. The finished slide cells contained almost un ^ ^ p ie 
serum in the first chamber, and dilutions of 1 : 2, 1 . 4 an 
succeeding chambers, with 30-300 organisms per c am er. c {j on s 
Experiments were done using (a) single intramuscu : 0 f 

ranging between 15,000 and 100,000 units and (b) con u ^ first 
100.000 units in 12 hours. None of the subjects wa 
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Fig. 2 . — Strain “ T ”. Photomicrograph Fig. 4. — Strain “ T ”, after return to 

of culturo A, without penicillin, showing Brewer’s medium (culture C), showing 

unaltered typical rods. X 1000. recovery of typical morphology. X 1000. 





• i : 8, 1 : 4, 1 : 2, 1 : 1 " w*»>*«* *»»» •**— — ' 4 * 

+ - ■ 

— — no iiuuoiuon 
■f 150 minutes after Injection 

men receiving continuous drips did not inhibit the “ R ” strain of 
Cl. welchii (the most sensitive of those tested), although both inhibited 
the Oxford Staph, aureus. 

Discussion 

It is known that penicillin inhibits pathogenic Clostridia in vitro 
(Chain ef al., 1940). Its use in the treatment of experimental anaerobic 
infections in animals has been described (Chain et al., 1940 ; McIntosh 
and Selbie, 1943 a and b ; Hac, 1944 ; Nagler, 1945 ; etc.), and 
human infections have also been treated and the results reported. 
Jeffrey and Thomson (1944-45), with a dosage of 15,000 units 3 -hourly 
in conjunction with approved surgical and serological methods of 
treatment of gas gangrene, were able to claim a mortality rate of 36 per 
cent. (33 cases), when the recognised rate up to that time was 
about 50 per cent. (MacLennan and Macfarlane, 1944). Cutler and 
Sandusky (1944-45) were not able to prevent the onset of gas gangrene 
in 4 cases treated prophylactically with 10,000 units 3-hourly. 

Both therapeutic and prophylactio results were better when larger 
doses were used. Thus Langley and Winkelstein (1946) report the 
routine use in 96 cases of 40,000 units 4-hourly or 20,000 units 2-hourly 
in combination with sulphonamides, and a fatality rate of 11 -5 per cent. 
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Gledkill (1945) reported recovery, though several amputations we 
necessary, in all but one instance in 33 cases of gas gangrene treated 
by irrigation of wounds with 500 units per c.e. in combination with 

20.000 units intramuscularly 3-hourly. After D day, when the use of 

100.000 units followed by 45,000 to 50,000 4-5-hourly or 20,000 
3-hourly -was recommended prophylactically, Fisher et al. (1945) were 
able to claim that no deaths or amputations for gas gangrene or any 
allied condition had occurred in 4000 consecutive battle casualties 
treated at a transit hospital in the earliest weeks of the invasion. 
The prevailing incidence of gas gangrene alone for the B.L.A. was 
0-27 per cent., with a mortality of 20 per cent. (Porritt et al, 1945). 

In the five random strains of Cl. ivelchii tested, considerable 
variation in sensitivity to penicillin was demonstrated. The cultures 
of Cl. asdematiens and Cl. septique tested were of intermediate 
sensitivity. The range of in-vitro resistance of the group as a whole 
was 2-30 times that of the Oxford Staph, aureus. Yet partial inhibition 
and atypical morphological forms were demonstrable with the most 
Tesistant strains in concentrations of penicillin only 10 times that 
necessary to inhibit the standard staphylococcus. Thus the in-vitro 
production of abnormal and filamentous forms in weak penicillin has 
already been described by Gardner (1940) and demonstrated with 
Cl. welchii by Fleming (1945), and a similar phenomenon has been 
produced by Nagler in the muscles of guinea-pigs experimentally 
infected with Cl. welchii and convalescent after continued penicillin 
and antitoxin therapy. 

Though these in-vitro experiments would seem to indicate that a 
dosage for clostridial infections might need to be 10 times that for 
staphylococcal infections, yet the worlf with human volunteer*, 
although incomplete, suggests that a dose of no more than 100, 
Oxford units of penicillin should maintain even an apyretie patien s 
serum completely bacteriostatic to different strains of CL uecni 
for H-3 hours. A dose of only 33,000 units produced complete 
inhibition of the most resistant strain for 1 hour, while one as on as 

15.000 produced the same effect on one of the most sensith e s rain. 
In toxaemic patients whose excretory 7 rate is lower, comp e e ji 
hibition may be more prolonged and favourable therapeutic aC ' 
may well continue longer still, in fact as long as the serum peniei 
is sufficient to produce partial inhibition as demonstrate 5 
formation of filaments. These results seem therefore to offer a ra^ ^ 
explanation of the partial response to penicillin therapy ; sl ° | je ' n 
Jeffrey and Thomson’s series, and of the improvement o ame ^ ^ 
higher concentrations were used, either by larger intramuscu ^ ^ 
or by local instillation, as shown by the results of Fis ier e a 
Gledliill. 
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Summary 

1 An adaptation of Wright’s slide cell method for the 
demonstration of clostridial growth in human serum and its inhibition 
by penicillin is described 

2 With this technique 5 strains of Cl welclm were found to be 
between 2 and 30 times as resistant to complete bacteriostasis by 
penicillin as the Oxford staphylococcus 

3 However, by the same technique it was shown that 100,000 
units of penicillin injected intramuscularly maintained a concentration 
of penicillin in the serum of apyretic persons fullj bacteriostatic to 
these strains for H 3 hours, and that lower doses were effective for 
shorter periods 

Thanks are duo to Professor A D Gardner and Ladj M E Florey for 
advice and criticism, to Drs E Toplej, N Hayward and R L Vollum for 
supplying strains of clostridia, to Dr W H Harris of Whitchurch Hospital for 
some of the clinical material, to the \ olunteers, and to Dre M A Jennings and 
N G Heatley for criticism of the text 
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616 . 212 . I — 099 . 615 . 91 (war gases) 
THE ABSORPTION OF WAR GASES BY THE NOSE 
G R. Cameron, J. H. Gaddum and R. H. D. Short 

From the Experimental Station, P or ton 

(Pi*ates LXXII-LXXIV) 

When animals inhale lethal concentrations of mustard gas 
[S(CH 2 CH 2 C1) 2 ] or nitrogen-mustard [CH 3 N (CH 2 CH 2 C1) 2 ] vapour, 
death results from direct damage to the respirator}'’ tract with or 
without systemic poisoning. With certain small species, however 
(rabbit, guinea-pig and rat), death from systemic absorption is 
frequently observed with little or no damage in the respirator} r tract,’" 
apart from severe inflammation of the nose, w hich is always present. 
In contrast, exposure to phosgene usually results m death whenever 
certain concentrations and times of exposure are exceeded, and all 
species of animals show pulmonary lesions. It appears, therefore, 
that a lethal dose of certain vapours may be absorbed through the 
mucous membrane of the nose The present paper describes an 
experimental investigation of this hypothesis 

Method 

Most of the experiments were carried out on rabbits. The complexity of 
the nasal skeleton m this species made it desirable to repeat the experiments 
on a species more closely resembling man, and for this purpose the monkey 
(Macacus rhesus) was used m four experiments Kabbits were anvsthetised 
with nembutal, the trachea divided and cannula) inserted into the cut ends 
(fig. 1) The animal was placed inside a one cubic metre chamber and the 
lower cannula, which served to aerate the lungs, was connected to the outside 
air. Tins tube was kept as short as possible m order to a\ oid unnecessary dead 
space The upper cannula receiving air from the nose was connected to a 
bubbler outside the chamber through which a measured quantity of air was 
sucked by water displacement at the rate of one litre/min. for 10 minutes. This 
is a fair approximation to the respiratory volume of a normal rabbit. Samples 
of air from the chamber were obtained by suction through a second bubbler 
at the same rate and for the same time 

Nominal concentrations of 40, 100 and 500 mg /m 3 of the gas under in- 
vestigation were put up m the chamber and the actual concentrations and 
percentages recovered from the nose were calculated from the amounts found 
in the two bubblers. So far as possible experiments with the three increasing 
concentrations were performed on the same rabbit. Sometimes, however, much 
condensation of water vapour occurred in the nasal sampling tube or the nasal 


* The late Professor A E Boycott also noted tins during the 1914 1918 War, but 
offered no explanation 
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passages became blocked with mucus. When this happened the results were 
ignored. In all the experiments recorded the air was flowing freely. In most 
experiments the rabbits’ mouths were sealed with Michel’s clips in order to 



Fig. 1. — Diagram showing method of sampling. 

limit suction to the nose. In experiments with monkeys, sampling 
out at the rate of half-a-litre/min., approximating to the respira orj v . 
that animal. No difficulty arose in keeping up a uniform flow w 1 s o jj ier 
and there was no interference from excessive nasal secretion, 
procedures were similar to those in the rabbit experiments. j p l6 

The animals were killed at the conclusion of the expenmen 


J z 3 



A "B f tran - 

Fig. 2. — Diagram of sagittal section of rabbit’s nose sho^g ^o two ! ^ 
section at A and B. (1) Maxdlo-turbmals. (-) * t . 

turbinals. The dotted line shows the direction of the l0 per cent- 

rabbits’ heads removed, fixed in formol-alcohol and decalcifi ffin sections 

nitric acid. The nose was transected at two levels (fig. 2) an i 
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■nero stained with Ehrlich’s acid lucmatoxylm and eosin, xan Gieson’s stain 
and Heidenham’s iron lmmatoxxltn The heads of normal rabbits were treated 
similarly 

In order to follow tho time sequence of nnsnl changes after exposure to 
various concentrations of the gases, tre studied a large additional senes of 
animals killed at short internals up to 3 days Fixation, decalcification and 
staining were similar to the abot e 


Results 

The amounts of gas recovered from the nose, expressed as a per- - 
centage of the chamber concentration, are given m the table The 
results show reasonable regularity and probably justify the assump 
tion that the percentage of gas remoted by the nose is independent 
of the chamber concentration and therefore constant for a given 
gas It will be seen that about 75 per cent of phosgene can be 
recovered after passage through the nose of the rabbit With mustard 
vapour, however, only 20 per cent can be accounted for, and with 
nitrogen mustard vapour no more than 10 per cent In monkeys, the 
contrast is less striking, owing possibly to their less complicated nasal 
structure 

Structure of the nose of the normal rabbit 

In the normal rabbit the nostrils are tw o small openings, admitting 
a probe of not more than 6 mm diameter The nasal cavities are 
separated by a bony septum which is expanded anteriorly by the 
organ of Jacobson and posteriorly is incomplete Both cavities 
contain three types of turbinate bones Anteriorly are the maxillo 
turbmals, which form a complicated lamellar structure The less 
comphcated ethmo turbmals are situated in the postenoi portion, 
whilst above are the simple naso turbmals consisting of single bony 
lamella; (figs 2 4) These structures consist of a mucous membiane 
with blood vessels, lymphoid tissue and glands of Bowman covered 
by epithebum and lying upon a delicate bony' framework The 
direction of the air current, dorsal to the maxillo turbmals and \ entral 
to the ethmo turbmals, is show n in fig 2 

Tile epithelium is of the columnai ciliate type and below it is 
found a profuse vascular plexus of very' regular pattern (Swindle, 
1935), associated with the glands of Bowman and, particulaily m the 
posterior portion of the nose, with lymphoid tissue, -which is also 
abundant m the floor of the nose in both antenoi and posterior 
sections 

The lymphatic drainage of the nose empties chiefly into the 
lymphatic trunk accompanying each internal jugular rem A few 
lymphatics accompany the facial vein, emptying into the trunk 
which runs parallel with the external jugular vein A third group 
joins the posterior pharyngeal plexus and empties mainly into the 
duct of the same side, abox e the lowest ly mph node lying beside the 
internal jugular x ein 
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. Pathological changes produced by mustard gas and phosgcm 

Both mustard gas and nitrogen-mustard gas induce a rapii 
developing inflammation of the nasal cavities, associated with har: 
rhage and necrosis of .lymphoid tissue. These changes closely resemV- 

Table 


Absorption of war gases by the nose in rabbits and monkeys 
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Adsorption or wah oAsrs jiy nos* 



! Fio 3 - — Coronal section of a rabbit’s noso at level A (fig 2) The complicated lamellu 
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than the posterior, especially towards the dorsum and therefore nearest 
to the air-stream. 

In severe cases a large blood clot may occupy most of the nasal 
passages. In less severe oases this is most marked in the dorsal 
portion of the maxillo-turbinals, where adjacent lamellm may l>e 
welded together by a solid mass of blood clot with leucocytes (figs. 5 
and G). A similar appearance is seen in the naso-turbinals and less 
frequently in the ethmo-turbinals. In milder cases, damage is found 
only in the anterior turbinate bones and consists of small hremorrhagCS 
in congested mucous membrane, with polymorphonuclear infiltration. 

It is remarkable how consistently the glands of Bowman and 
organ of Jacobson escape injury. Yet nasal lymphoid tissue damage 
is considerable, particularly in the anterior portion of the nose. After 
12 hours damage is also found in the cervical lymph nodes which 
drain the nose and indeed in lymphoid tissue everywhere. Lymphocyte 
nuclei are pyknotic or unrecognisable, and infiltrating histiocytes 
contain much pigment which has been identified with “ AbnutzungS- 
pigment ” of Lubarsch. 

With phosgene, changes in the nose are very slight — at most, a 
mild congestion. 

Discussion 

It appears from these experiments that 80-90 per cent, of mustard 
gas or nitrogen- mustard gas is lost during passage through the nose. 
With phosgene only about 25 per cent, is lost. Severe pathological 
changes are produced by' the mustard gases but phosgene gives barely 
recognisable changes. Mustard vapours often enough have little effect 
on the lungs but phosgene seldom if ever fails to produce pulmonary 
oedema. Nevertheless mustard gases may produce lethal effects in 
the absence of lung damage. We suggest that our original hypothesis 
is supported by these observations and that the nose, while it may 
help to protect the lungs against direct damage by the mustard 
vapours, may itself suffer much damage and act as the route whereby 
a lethal dose of these vapours is absorbed into the body. 

The route of absorption of the mustard gases still remains 
undecided. Our experiments do not tell us whether damage to nasal 
lymphoid tissue is the result of direct local action or of systemic 
absorption. In the sampling experiments, damage to the cervical 
lymph nodes draining the nasal mucosa was not found, since the 
animals were not allowed to survive. In the experiments where the 
time sequence was studied, damage to the cervical lymph nodes 
cannot be attributed solely to lymphatic absorption from the nasal 
mucosa, since identical changes result from the skin application or 
subcutaneous injection of mustard gas. With these latter routes of 
administration damage must be the result of systemic absorption by 
which lymphoid tissue everywhere is affected. We are unable to say 
whether damage to the cervical lymph nodes precedes or coincides 
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with damage to lymphoid tissue elsewhere. Histological examination, 
moreover, has not made it possible to distinguish in lymphoid tissue 
the effects of absorption by either route-. 

The fact that mustard gas was removed more completely than 
phosgene from the air by the nose may seem surprising. For example, 
the following data are given by Sartori (1939). The solubility of 
phosgene in water is difficult to measure owing to its rapid hydrolysis, 
but when 1 g. of phosgene was shaken with 100 c.c. of water at O 3 C. 
it was dissolved and completely decomposed in barely 20 seconds 
(Sartori, p. 67). The solubility of mustard gas in water at 25° is 
only about 0-069 per cent, by weight (Sartori, p. 225). Since the 
mucous membrane of the nose is covered by a watery solution, it 
might therefore be expected that phosgene would be removed from 
the air more completely than mustard gas. 

This view of the matter neglects the fact that phosgene is much 
more volatile than mustard gas. At 20° C. the vapour pressure of 
phosgene is about 1173 mm. Hg. (Sartori, p. 65), while that of mustard 
gas is only 0-115 mm. Hg. (Sartori, p. 224). The concentrations of 
the two gases used here were of the same order, but the percentage 
saturation of the air with mustard gas must have been much greater 
than the percentage saturation with phosgene. This difference would 
explain the comparatively greater uptake of mustard gas, but other 
factors may also play a part. The total amount of mustard gas 
removed from the 'air in the third part of expt. 2 (rabbits) was about 
2 mg., and about 3 c.c. of water would be needed to dissolve this 
quantity. It seems likely, therefore, that mustard gas rapidly dis- 
appeared from the surface of the mucous membrane during exposure. 
The hydrolysis of phosgene at the beginning of the experiment, on 
the other hand, would liberate acid products which might mako 1 10 
surface acid and so inhibit the uptake of more phosgene. The ne 
are thus less surprising than appears at first sight. The 
properties of nitrogen-mustard are similar to those of muster gas, 
but it is rather more soluble in water and more rapidly hy ojsc • 
Those facts would explain its slightly greater uptake in the noso. 
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4. It is suggested that the nose may bo an important route of 
absorption for the vapour of mustard and nitrogen-mustard gas. 

We are indebted to the Director-General of Scientific Research and 
Development, Ministry of Supply, for permission to publish this work arid 
to Surg.-Capt. A. Fairley, R.N., for facilities for carrying it out. We wish to 
express our gratitude to Messrs F. Burgess, V. S. Trenwith and J. E. Chivors 
for able technical assistance and to the latter particularly for all chemical 
estimations. ' 
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LOWER ACCESSORY PULMONARY ARTERY WITH 
INTRALOBAR SEQUESTRATION OE LUNG: A 
REPORT OF SEVEN CASES 

D. M. Bryce 

E.M.S. Laboratory, Harefield Sanatorium 

(Plate LXXV) 

The seven cases presented in this paper are examples of a congenital 
abnormality which has been adequately described only once before 
(unpublished Dusseldorf thesis by Fischer, quoted by Muller, 1928). 
There are two other cases in the literature but theso are only shortly 
referred to in the report of a meeting of the American Society of 
Thoracic Surgeons (Haight, 1941-42). The abnormality consists of 
a large artery to the base of the lung from the nearby aorta, and a 
congonital bronchial dislocation in the part supplied. 

The bronchial abnormality in each of the present cases took the 
form of a bronchopulmonary mass or cyst which, although included 
within the lower lobe, was dissociated from the normal bronchial 
tree. There were adhesions which may have been primary, but the 
artery entered the lung in the line where the pulmonary ligament 
should run and the mass or cyst was constantly situated in this part 
of the lower lobe. In some cases the mass was composed of normally 
differentiated but bronchiectatic and inflamed lung tissue. In other 
cases there was a large cyst which was obviously bronchial. In one 
case the mass was polycystic, whilst in another polycystic disease 
was present elsewhere in the lung. The arterial abnormality was not 
related to any cardiac malformation and was purely accessory. The 
exact origin of the vessel in some operation cases was uncertain, but 
it appeared in all to liavo arisen from the aorta in the vicinity of 
the diaphragm. In Haight’s two cases it probably came from the 
upper part of the abdominal aorta ; in Fischer’s case and in -at least 
four of tho present cases from the lower part of the thoracic aorta. 

The various forms which the abnormality may take are shown 
in figs. 5-8. In Fischer’s original case (fig. 6) branches of the abnormal 
artery entered the adjacent normal lung, whilst some branches of the 
normal artery were also stated to have entered the mass. The latter 
occurrence was not seen in any of the present cases, but in two of 
them, branches of the abnormal artery supplied normally connected 
lung. The posterior basal sector in cases II and VII were thus 
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supplied. There have been a considerable number of cases in which 
a similar artery was present, but in which the bronchial abnormality 
was not described (Huber, 1777 ; Maugars, 1802; Meckel, 1820; 
Hyrtl, 1839; Eppinger and Schauenstein, 1902; McCotter, 1910 ] 
Park, 1912-13; Batts, 1938-39; Harris and Lem's, 1939-40). Menke 
(1936) described an accessory artery 1 which arose from tho right 
subclavian. It is quite possible in some of these cases that the 
bronchial abnormality was overlooked. Indeed in some (e.g. Park) 
the lung was not incised. In others (e.g. McCotter) bronchinl 
displacement was undoubtedly absent. The abnormality, as shown 
in figs. 6-8, therefore presents itself in three ways : type I, in which 
the artery goes to normally connected lung ; type II, in which it is 
distributed to the sequestrated mass and to the adjacent lung ; and 
type III, in which it is confined to the mass. The bronchial 
abnormality is rather more frequent on the left side, Fischer’s 
ease and four of the present seven eases being on tin's side. In 
Haight’s two cases the side is not stated. Cases in wliicli a lower 
accessory artery was reported by itself however were more common 
on the right. Of these, five were on the right, three on tho left 
and one was bilateral. 

The susceptibility of these abnormal arteries to atheromatous 


degeneration was noted by Batts. Degenerative changes were more 
marked in the older subjects, but there was also a closo correlation 
with sepsis. Thus atheroma was slight in cases II (fig. 1) and III' 
(aged 7 and 12) in whom inflammatory changes were slight ; but marked 
in case IV (aged 9) in whom inflammatory changes were marked (fig. 2). 
This is probably the result of damage to the vessel wall by diffusible 
inflammatory products. The bronchopulmonary abnormality pre- 
disposes to post-pneumonic sepsis and these cases tend nowadays to 
fall into the hands of the thoracic surgeon. The incidence of tho 
condition among 280 pulmonary excisions was 1*7 per cent.; fi' c 
cases came from the Thoracic Surgical Unit, Harefield Sanatorium, 
the other two from the London Chest Hospital and the Royal Infirmary 
Cardiff. They are presented in the order of their reception. 


Case reports 

Case I. Man of 33 with 21 years’ historyof pneumonic attacks. s P ut ^ 
increased and vital capacity reduced. Condition poor, with somo was in S 
no clubbing of lingers. The abnormal artory was not seon at opera ion s 

its exact origin is uncertain. •ddloond 

Right pneumonectomy (fig. 8) showed polycystic diseaso of upper, ™ rac(cr ) 
apical portions of lower lobes. A very atheromatous artery (0-4o cm. ,|.. T 
entered at the lower border and supplied a chronically inflnmec pa 
mass in the posterior medial part of tho lobe botweon the hilum an 
In this there was a dilated flattened bronchus-liko structure line wi > ^ ne , ir 

epithelium but containing no muscle, cartilage or glands. It e °^' | )Uj j, rt d 
the accessory hilum, branched in the same direction as tie nr ’ nornW ! 
no connection with the bronchial tree. Tho venous drainago w 
pulmonary veins. 



— Atheromatous artery in case IV. x 33 





lower accessory pulmonary artery 


Cass ir. Half-caste girl of 7 with a history of three pneumonic attacks. 
X-ray showed a basal cyst. At operation a largo artery was seen to come from 
behind the pericardium but its origin from the aorta was not reached. 

Bight lower lobectomy specimen (figs. 3 and 4), with an abnormn art ry 
(0-4 cm. diameter), which entered a firm mass in tho postonor medial part of tho 



Fias. 3 and 4 . — Intralobar sequestration (shaded) in caso II. Stenosis of normal artery 
to mid*basal sector, and u pulling away ” of abnormal artery to subdorsal and 
posterior basal sectors. 

D e= dorsal sector. 

P = posterior basal sector. 

S = subdorsal part of posterior basal sector. 

An = normal artory to anterior basal sector. 

■ Sin = artery to rnid*basal sector (stenosed). 

R = accessory pulmonary artery. 


base. On section this was polycystic and was separated from tho rest of 
the lobe by a large distension bulla. The bulla was aerated by valvular slits 
in its roof, whilst its floor freely communicated with tho polycystic mass. Tho 
spaces in the mass had a respiratory epithelial lining but no cartilage or 
glands. They were separated by a collagenous stroma in which were rudimentary 
alveoli. Embedded in tho mas3 was a fully formed bronchus which began blind 
near tho accessory hilura alongside the artery and branched into tho spaces 
of tho mass. Tho mass was supplied exclusively by tho abnormal artory. In 
this case, however (as in case VII), the abnormal artory also supplied adjacent 
normal lung. The subdorsal and posterior basal sectors were exclusively 
supplied in this way. The texture of the lung with this abnormal supply was 
normal. The branch of the normal pulmonary artery to the mid'basal sector 
was stenosed. The venous return was normal. 

Case III. Boy scout of 12 with recent haemoptysis and pain in the chest, 
who was found to have pulmonary cysts. At operation the abnormal artery 
was seen to arise from the lower part of the thoracic aorta. 

Left lower lobectomy specimen (fig.* 7) with 4 branches of accessory artery (0*3, 
0*3, 0*1 and 0-1 cm. diameter) which entered at tho lower end of the aortic 
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groove. In the part supplied by the abnormal artery there was a system of 
branching bronchi which began blindly at the accessory hilum. These were 
bronchiectatic and the related parenchyma was chronically inflamed. There 
was close correspondence between the branching of the abnormal artery and 
the bronchus. As in the preceding case the dissociation was incomplete. There 
were two groups of aerated cysts intervening between the mass and the rest 
of the lobe, which communicated with branches of both the normally connected 
and the dissociated bronchial trees. Apart from these cysts, which had a 
ciliated epithelial lining, the demarcation of the mass was not' sharp. The 
venous drainage was normal. 

Case XV. Girl of 9. with a 2 years’ history beginning with a febrile illness. 
There was left basal dullness, with no filling of this part on repeated broncho- 
graphy although filling in adjacent parts was good. Many operations were 
performed for empyema and abscess. At the operation for lobectomy the 
abnormal artery was seen to arise directly from the aorta. 

Left lower lobectomy specimen showed a white fibrous mass in the posterior 
third of the base. This contained a branching system of fully formed but 
chronically ectasic bronchi which had no connection with the normally connected 
bronchial tree. The abnormal artery entered on the posterior medial aspect 
of the mass by two branches (0-3 and 0-6 cm. diameter). The 'correspondence 
between the branching of the artery and the bronchus was close. The venous 
drainage was normal. A chronic abscess in the lateral part of the mas 
communicated with the dissociated bronchial tree by several patulous bronchi. 
Instillation of opaque oil into the abscess cavity at a previous operation led to 
its complete filling. X-rays of this case have been previously published (Blair 
, et al., 1940). 

Case V. Sailor of 26 with a basal shadow which might have been a benign 
growth. History of pain 8 years ago and of fever 5 months ago. At operation 
an abnormal artery was seen to arise from the aorta and enter the lower lo o, 
which contained a pulsating cyst. 

Left lower lobectomy specimen with a wedge-shaped mass in the posterior 
medial part of the lobe containing a large cyst of 4-5 cm. diameter, 
resulted from gross mucous distension of an aberrant bronchus. In the speeime 
the abnormal artery had divided into two branches (0-5 and 0-4 cm. ,arne ^ r , 
which entered about 2 cm. above the base. The larger branch was mjee _ _ 
and stereoscopic X-ray photographs taken. The cyst was partly j vl ® ^ 
an enormous carina and the larger chamber gave off 3 branches wnci c 
sponded with 3 branches of the larger artery. The surrounding parenc^ 
of the mass was atelectatic and inflamed, but in one part which projec e 
the adjacent normal lung it was finely polycystic. This ^ 

contained a conspicuous cartilaginous element measuring 0-45 X ^ c ■ 
posterior basal bronchus was very small. The venous drainage v,as 

normal pulmonary veins. . , treated 

Case VI. Boy of 16 with a basal cyst which had been previoi 
as an empyema. Twice, when it was drained, there had been 1Eem ° ru ^nmg 
both tube and trachea. At operation a large elastic artery was se ^ . 

from the aorta just above the diaphragm and entering the base o > ^ ^ ° cm _) 

Left lower lobectomy specimen, occupied by a large eys The 

which had no demonstrable communication with the basa anterior 

normally connected lung was greatly reduced and confine ^ lining of 

border. The cyst had a surgical hole in its outer wall. rpj ie inner 

respiratory epithelium and cartilage and glands, were P re *f” ' g0 , ne 0 f the 
surface was trabeculated. As the result of previous ulcera i ^ ghuilor to 
trabeculce were ruptured. The structure may originally iav ®. ^ inflamed 
the preceding case. Adjacent to the cyst was a layer o ere . entered 

lung about 0-3 cm. thick. A large abnormal artery (0-5 cm. 
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Fig. 5. — Abnormal artery 'without 
sequestration {typo I). 



Fig. G. — Abnormal artery to mass and 
adjacent lung (typo II). 




Fia. 7. — Type HI, with intervening Fia 8. — Case I. Abnormal artery con- 
traction cysts (case HI). fined to sequestrated mass (typo III). 

A = anterior basal sector. 

M = mid-basal sector. 

P = posterior basal sector. 

D *s dorsal sector. 

S = subdorsal part of posterior basal sector. 

T = traction cysts (fig. 7) » 
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the base just behind the infra-hilar notch and branched in the wall of the cyst. 
The veins ran to the normal pulmonary veins. An artery accompanying a 
lateral branch of the presumptive posterior basal bronchus was stenosed. 

Case VII, A man of 59 with a 5 years’ history of cough' and sputum due to 
lung abscess following osteomyelitis of the femur. At operation a large artery 
was seen coming from behind the pericardium in relationship to an appendage 
of the lower lobe which extended into the mediastinum. 

Right lower lobectomy specimen, shrunken and rough from adhesions. 
The abnormal artery (0*3 cm. diameter) was atheromatous and calcified. It 
entered at the posterior medial end of the lower border, where there were 
several lymph glands. The mass was situated below the hilum in the posterior 
medial part of the base. If was fibrosed and white on section and contained 
little carbon pigment. * Numerous epithelialised abscess cavities wero present 
in all parts of the lobe, including the mass. These intercommunicated and in 
the parts outside the mass communicated with bronchi. As a result of the 
previous sepsis it was impossible to discern any definite branching system of 
bronchi in the mass itself. The bronchi in the normally connected lung were 
chronically inflamed and somewhat eotasie. They were accompanied by 
branches of the normal pulmonary artery except in the case of the posterior 
basal bronchus, which for nearly 3 cm. was unaccompanied and ran into a 
cavity in a part of the lung supplied by the abnormal artery. All veins found 
drained into the normal pulmonary vein. 


• Nature, of the abnormal artery 

Although arising from the aorta, most authors agree in regarding 
these abnormal arteries as pulmonary rather than bronchial, but 
their elastic nature (characteristic of pulmonary arteries) has not 
been previously noted. The abnormal artery in each of the presen • 
cases was elastic, but differed from the normal pulmonary in 
respects : (1) being subject to systemic pressure it was thicker wa e , 
(2) since it was carrying oxygenated blood, an accompanying bronc ia 
artery was absent. It may be regarded as pulmonary and bronc a 
artery combined, but it is simpler to call it a systemic pulmonary. 
A pulmonary artery may be defined as the artery whic p r0T1 
the primary blood supply of developing lung tissue. In t is res P^ 
the root connections are of secondary importance and may e nor ^ 
or abnormal. If such a vessel, supplies the rich capillary ® 
developing lung tissue, it becomes of large size and elastic s 
The bronchial arteries on the other hand are small an ^ 
But even when enlarged, as in the eases of remain 

closed ductus described by East and Barnard (193 ), though 
muscular. They arise with the segmental arteries an > ^ 

observation is lacking, they appear to he a secondary arteiy 
dependent on the low oxygen tension in the normal p mo 
after the heart has divided into right and left halves. cu j ar and 

It seems that the important distinction between m ^ nornJ al 
elastic arteries is more familiar to pathologists mn ^ p 
anatomists and physiologists. The systemic a ^ m / laT j a ns, and 
elastic only to the ends of the common caroti s, * es a nd 

abdominal aorta. Branches beyond this, like 10 
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renals, are muscular The elastic nature of the large proximal arteries 
facilitates the reception of tho cardiac output The capacity of the 
pulmonary circulation is small hut accommodates tho same extra 
volume with each beat This bower er only partly explains why the 
pulmonary arterial tree is elastic throughout, since it does not account 
for the elastic nature of systemic pulmonary arteries It is probable 
that tho great vascularity of pulmonary tissue (leading to mcreased 
flow with low pressure and deficient vasomotor control) is a moie 
important factor If this is correct there should be a difference 
between the artery in the two cases of lower accessory lung described 
by Davies and Gunz (1944) In case I it should be muscular, because 
there u as no formation of alveoli , in ease II it should be elastic, 
because the pulmonary structure was almost normal In two recent 
cases of lower accessory lung with alv eolar differentiation the artery 
was elastic 

Systemic pulmonary arteries arise as tho result of successful 
competition with the normal pulmonary artery Hams and Lewis 
point out that they develop like the normal pulmonary artery m the 
vascular plexus enveloping the fore gut This plexus lias connections 
with both dorsal and ventral aoitoi, but the abnormal artery is raie 
because tho noimal embryomc shifts disrupt the dorsal connections 
Anything which delays (or temporarily arrests) shift would promote 
their development When, m spite of normal shifts, tho dorsal aorta 
“ captures ” a bulbous tip of the embryomc bronchial tree, the 
subsequent development of tho abnormal artery is usually associated 
with traction 

The earlier these abnormal vessels begin the greater is the extent 
of their distribution in the lung, and by referring to tho embrjomc 
bronchial tree at different stages it is possible to date their origin 
Thus the artery m Beneke’s case II (1905) supplies the two sequestrated 
lungs and arises at 3 mm In Klebs’s case (1874, quoted by 
Gruenfeld and Gray, 1941) it supplies the sequestrated right lung 
and arises at 5 mm In Hyrtl’s case it supplies the whole of the left 
lower lobe and arises about S mm In Eppmger’s case it supphes 
more and arises earlier, whilst in McCotter's case it supphes less 
and arises later In cases II and VII it supphes the posterior 
basal sector and arises about the 10 14 mm stage So far there 
has been no case ruth a distribution smaller than this Tho 
minute arteries m the pulmonary ligament, which may be regarded 
as anatomical frustrations, have only a pleural distribution 

Nature of the bronchopulmonary mass 

The cases reported are really examples of sequestrated or ectopic 
lung Ectopic pulmonary masses, quite distinct from the normally 
connected lungs, occasionally occur They are most common m the 
lover part of the thorax or upper part of the abdomen, and are 
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usually referred to as lower accessory lungs. The present cases and’ 
those of Haight and Fischer show abnormalities of the same kind, in 
which however the sequestrated mass is included within the lower 
lobe. Muller has pointed out that there is an intermediate condition 
with two pedicles (an arterial attached to the parietes and a venous 
attached to the lung) in which the blind bronchus of the mass is 
situated at the arterial pedicle. There are of course other differences 
between intra- and extralobar sequestration : — 1 

1. Extralobar sequestration shows a very marked left pre- 
ponderance, .only three of the forty or so human cases having been 
on the right side. Cases of intralobar sequestration are more evenly 
divided, three of the present series of seven having been on the right. 

2. The venous drainage with extralobar sequestration is usually 
to the hemiazygos, with intralobar sequestration to the normal 
pulmonary vein. (In Park’s case the right lung was supplied by an 
enlarged diaphragmatic artery, whilst the venous drainage was to the 
inferior vena cava, but it is not known whether sequestration was 
present.) 

3. There is a well known association between extralobar 
sequestration and diaphragmatic hernia, which has not been noted 
with the intralobar type. 

4. Infection is common with intralobar and uncommon with 
extralobar sequestration. 

Pulmonary sequestration also occurs on a larger scale. In a case 
described by Klebs the right lung was not connected with the trachea 
but began as a blind bronchus attached to the lower part of the 
oesophagus. In a still more extraordinary case (Beneke, case II) the 
tracheal bifurcation was separated from the larynx during develop- 
ment, so that whilst the former was in its usual place the two bronc i 
communicated with the lower part of the oesophagus. 

These various degrees of sequestration are all explicable on 0 
basis of detachment of a bulbous tip of the bronchial tree at 
stages in its development. Thus Beneke’s case II would resu o 
detachment of the initial bulbous tip which appears at 3 mm. ^ 
actual detachment might be later than this but it occurre ^ 
association with, and probably as a result of the acquisition o 
abnormal blood supply which originated at 3 mm. The low at ac 
to the oesophagus indicates that the delay could not have een ^ 
and the communication with the oesophagus limits it to ie 
stage, by which time the trachea is tubulated. Sinai ar y co ^ ^ 
unilateral sequestration (Klehs) corresponds with detac eI * 
bulbous tip for the right lung, which appears at 5 mm. ^ nT 
evidence in two of the present cases (II and VII) pom increased 
sequestration occurring about the 10-14 mm. stage. , {er or igin 
left preponderance of extralobar sequestration suggests ® w {iich 
still, when the expanding pleural sacs envelop the P e ” ca ac ces sort 

by this' time has become asymmetrical. The case o o 
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lung described by Rusby and Sellora (1944-46), in which there was 
a defect in the pericardium, provides definite evidence in support of 
this. Had the pericardial defect arisen before the pleural sacs 
expanded the pericardium would have communicated with the 
exterior. (The defect was not of course a persistence of the venous 
iter of Lockwood.) 

It is uncertain if there is a doficioncy of the normally connected 
bronchial tree in these cases attributable to the detachment. In 
some cases the posterior basal sector was small, but this might bo 
due to the space ocoupied by the mass, and in one case in which the 
mass was very large (case VI) all three basal sectors were reduced 
in size. Vogel (1899) thought he detected a deficiency in the bronchial 
tree in two cases of lower accessory lung, but this is discredited. The 
possible absence of defect is explicable on the basis of Flint’s work 
(1906-07) on the capacity of otlior bronchial tips to “ take over ", 
In complete sequestration, however, compensation is impossible and 
here agenesia is obvious and complementary. 


Evidence of traction 

This is best exemplified, in case II. In this case the dissociation 
was incomplete, Between tho mass and the adjacent normal lung 
there was a large bullous cyst. This was aorated and communicated 
with peripheral bronchi of the normal lung and with the cystic 
spaces in the mass. The intervening bullous cyst appears to be of 
a previously unrecognised type resulting from embryonic traction 
tearing. This was ono of the cases in which the abnormal artery was 
not confined to the mass but supplied also adjacent normally connected 
lung. The mid-basal sector was supplied by a branch of the normal 
pulmonary artery, whilst the post-basal sector was supplied by a 
branch of the abnormal artery. As indicated in figs. 3 and 4 both 
these branches showed evidence of traction. The branch of the 
normal pulmonary artery to the middle sector was stenosed at its 
origin, whilst the branches of the abnormal artery to the posterior 
sector met their corresponding bronchi only in their terminal twigs, 
as though during development their respective stems had been pulled 
apart. Similar evidence was present in some of tho other cases. 
Thus in case VII the abnormal branch to the posterior basal sector 
converged on instead of running parallel with the corresponding 
bronchus. In case VI there was stenosis of a lateral branch of tho 
normal pulmonary artery. In case III there were intervening aerated 
traction cysts (fig. 7). 

These various findings would appear to result from long-continued 
traction between the sequestrated mass, anchored down by the 
abnormal blood supply, and the normal lung, slowly shifting from 
its original position in the vicinity of the septum transversum. This 
evidence does not prove it but it suggests that sequestration itself 
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is also the result of traction exerted through the capillaries of the 
adventitious blood supply. The bulbous shape of the bronchial tips 
of the embryonic bronchial tree would provide good purchase for 
the enveloping capillary net. Cases in which the abnormal artery 
supplies normal lung (with or without intralobar sequestration) are 
important in this respect. They give priority to the vascular com- 
ponent of the dual abnormality and make sequestration something 
in the nature of an accident, which may qr may not happen when 
the developing lung acquires its adventitious blood supply. Moreover 
the mechanism by which this probably occurs (traction on embryonic 
blood vessels due to developmental shift) gives a clue to the genesis 
of various other congenital defects. It is proposed to deal with these 
in a subsequent paper. 

Summary 

Seven cases of intralobar sequestration of the lung are described. 
In each there was an abnormal artery from the aorta supplying a 
bronchopulmonary mass or cyst which was dissociated from the 
normally connected bronchial tree. The abnormal artery was elastic 
and of systemic pulmonary type. There were adhesions, but the 
abnormality was situated in the line of the pulmonary ligament. In 
two cases the abnormal artery supplied adjacent sectors of the 
normally connected lung. 

It is considered that the abnormal artery was the prior lesion 
and cases are described in which it was present by itself. Sequestration 
results from separation of a bronchial tip of the embryonic bronc a 
tree and is attributed to traction due to the adventitious blood supp y 

Pulmonary sequestration occurs in various degrees— comp ee, 
intralobar and extralobar — dependent on the stage in embryonic ie 

at which it occurs. . 

Only three cases of the intralobar type have been previous^ 
described, but the entity is now being encountered with incl, * > £ 
frequency since it predisposes to sepsis and requires surgica rea^ 

Its incidence in 280 pulmonary excisions was 5 (i.e. 1'7 P eT cen 

tn the Thoracic 

My thanks are due to Mr Holmes Sollors, senior surgeon d’Abrefl 

Surgical Unit, Harefield Sanatorium, for the first five cases, o» • ^j iom p SOn 
for case Y1 from the Royal Infirmary, Cardiff, and to 3V r 6 jjospital. 
and Dr Roodhouse Gloyne for case VII from the Lon ° n rpj ia photo- 
Professors W. D. Newcomb and F. Goldby offered helpful cn ic 
graphs are by Mr W. Pereira. 
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MONOCYTIC LEUICiEMOID REACTION ASSOCIATED 
WITH TUBERCULOSIS AND A MEDIASTINAL 
TERATOMA 

Anne Gibson 

From, (he Central Pathological Laboratory of Sector 8, E M S , 

St Thomas's Hospital, at Oodalming 


(Plate LXXVI) 


Although monocytic leuksenua is now a well recognised climco 
pathological entity, the monocytic leukagmoid reactions have received 
little attention m the English literature The origin of the monocytes 
and the aetiology of the leukaemias are still subjects for discussion , 
therefore any case presentmg unusual features is worthy of being 
recorded 


Case report 
Clinical summary 

A young man aged 16 came to hospital oh account of a skin eruption of 
two months’ duration, which, was diagnosed os erythema nodosum A skiagram 
of his chest revealed a curious triangular shadow protruding to the left from 
the middle of the mediastinum About tins time a few moderately enlarged 
glands were noticed m the neck and left axilla Within a week the patient 
developed necrotic ulcers in the mouth, with a high temperature A Mantoux 
test showed a faint reaction at 1 10 000 and was strongly positive at I 100 
After temporary improvement the mouth condition again became troublesome 
and after about two months the general state of the patient had greatly 
deteriorated , the chest signs, both clinically and radiologically, were more 
extensive and the patient was emaciated and very anjemio Towards the end 
he developed a purpuric rash over the Abdomen and iliac crests and the spleen 
became palpable , a large retinal hremorrhage heralded the end and he died 
exactly three months after coming to hospital 


Laboratory investigations 


\ 


This case was interesting lirematologically from tho beginning m that there 
was evidence of degeneration of the polymorphs (vacuolation) and of tho red 
blood corpuscles (anisocytosis and poikilocytosis) at a time when the hemoglobin 
was still 86 per cent At the same time an absolute mcroase in both monocytes 
and polymorphs was found, although no attempt was made to draw conclusions 
from these early observations Repeated blood counts revealed a steady decrease 
m hemoglobin and red cells, with a rising leucocyte count, especially tho 
monocytes, which reached a final figure of 36,490 per c mm The blood counts 

JOUEN OF PATH —VOX, LVm 4C9 2 I 
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are recorded in table I. Two sternal punctures, performed at an interval of 
8 weeks, showed a rise in monocytes from 9 to 26-0 per cent, (table II), the 
latter three weeks before death. 


Table I 

Hwmatological findings 


Date 

Hremoglobln 

Red cells (million perc .mm.) 

Colour index 

S 

e 

o 

t-4 

O 

ft 

rr 

*3 

CJ 

o 

$ 

Polymorphs per c.mm. 

Lymphocytes per c.mm. 

Monocytes per c.mm. 

4^ 

c 

o 

o 

u, 

o 

ft 

m 

ft 

o 

a 

'tn 

O 

« 

■425 

ft 

o 

o 

t-< 

o 

ft 

zn 

o 

•+- 

o 

o 

o 

s 

5 

o 

>—i 

Myelocytes (per cent.) 

17.7.44 

80 

4-18 

1-02 


2068 

1574 

916 

2-0 



25.7.44 

78 

4-10 



4590 

3780 






70 

3-37 

1*03 


3835 

281 

2555 

0-5 



16.8.44 

6G 

3-62 

0-77 

10,900 

5232 

239S 

3270 




23.8.44 

48 

2-4 

1-0 


■Mi i il 


2700 


3 

0 

13.9.44 

EH 

1-9 

105 

52,000 

rrcf'rl 

3120 




1 

22.9.44 

48 

2-3 

1-05 

48,000 


m : 

m. 

1-0 


5 

26.9.44 

44 

lllll 

1-1 

65,000 

29,250 

11,800 


1-0 




34 

1-67 



38,540 

4920 

30,490 



2 


4-5 

3 

O 

t-4 

0 
ft 

tn 

1 

ei 

s 

tn 

a 

S 

o 

o 

"a 

£ 

^ c 

ft o 

82 
43 U 

tn a. 

o 

o 

r-t 

t-4 

« 

ft 

w 

a 

a 

2.2 

i-rft 

a 

5” 

t-s 

Itemarks 

l 

i 

1-0 

Anisocytosis and poftB> 
cytosis. Vacuolation ci 
polymorphs 

Vacuolation of polymorph 
and toxic granulation 


1 

1 

1*5 

Vacuolation orpolflMPb 
and monocytes 


0-5 

3 

Vacuolation of polymorphs 
very pronounced 


The patient had very little sputum, so this was only once examined for 
tubercle bacilli, with negative result. The Wassermann and Paul- im n® 
reactions were both negative. Bacteriological examination of swabs rom 
throat and mouth ulcers revealed nothing of importance. . Biopsy o 
epitrochlear gland showed clironic lymphadenitis with sinus reticulosis. 


Table II 


Cell count of bone marrow from sternal ‘puncture 



24.7.44 

19.9.44 

Hscmobistiooytes .... 
Megaloblasts A 

Normoblasts A 

„ B . 

„ 0 . 

Myeloblasts ..... 
Myelocytes, neut. .... 
Metamyelocytes .... 
Polymorphs .... 

Eosinophils ..... 
Lymphocytes .... 

Plasma cells .... 

Monoblasts ..... 
Monocytes ..... 
Megakaryocytes .... 

No. of cells counted 

2 

°) 

g 32 per cent. 

24J 

2') 

6 

8 -48 per cent. 

30 

2) 

7 

2 

0 

9 

a few 

500 

0-6 

0-2l 

0’8 .13-3 per cent. 

5 - 6 J 

3- i\ 

4- 3 . 

0-0 146 per ® ent - 

36-2 

2-1 J 

6- 4 

•1% 

p-5 

26-6 

none 

1000 




















LEUKrEMOID REACTION IN TUBERCULOSIS 


ill 


Necropsy report 

The body was extremely pale and very emaciated. Thero was a 
purpuric eruption over the abdomen and a few petechiie in the skin 
of the right forearm and on the back. 

Occupying almost the whole of the left side of the chest was a 
tumour measuring 8X6X5 inches and weighing 3 lb. 1 4 1 oz. It 
had grown outwards and downwards from the posterior mediastinum, 
pushing the heart and pericardium to the right so that they lay in 
a position antero-lateral to the tumour and almost wholly behind the 
sternum. At the upper limit of the pericardium, the tumour had 
penetrated into the pericardial sac. It had also pushed the lower lobe 
of the left lung before it, and all that remained of this structure was 
stretched like a thin piece of cloth over the upper left side of the 
tumour. Above this lay the small upper lobe of the lung, weighing 
111 oz. It contained a small caseous area near the hilum. The 
surface of the tumour was nodular and cystic. A homogeneous colloid- 
liko substance filled the cysts, which were surrounded by pinkish 
grey tissue. There were no teeth, hairs or sebaceous material. 

The right lung was riddled with small ill-defined nodular areas, 
about J inch in diameter, wlu'ch projected slightly from the cut 
surface, but otherwise differed little from the grey colour of the rest 
of the lung. Only a very slight excess of fluid was found in the pleural 
and pericardial sacs. The heart was small, weighing only 81 oz. There 
were a few subepicardial petechial haemorrhages, but no other macro- 
scopic abnormalities were found. 

The liver weighed 3 lb. 12f oz. Several small roughened nodules 
protruded from its surface .and extended a short distance into its 
substance ; they were each surrounded by a slightly hemorrhagic 
zone. No similar foci were found deep in the liver. The spleen 
weighed 14J oz. There were no macroscopic tubercles in spleen, 
kidneys or adrenals. 

The base of the appendix was bound down to the caseum by 
adhesions. Adjacent lymphatic glands were enlarged to about 
2 xlxj inch in diameter. The muscular wall of the terminal portion 
of the ileum was greatly thickened and' showed areas of caseation, 
while large, whito, nodular lymphatics could be seen coursing along 
under the peritoneum. The mesenteric lymph glands were greatly 
enlarged, forming a mass 5X2xlf inches. They felt firm, and on 
section showed numerous large yellow areas in their interior. There 
were slightly enlarged glands on both sides of the neck and in the 
left axilla, and a few in the mediastinum. 

A small cerebral haemorrhage was present in the left frontal lobe. 
The bone marrow in a portion of the shaft of the left femur appeared 
abnormal, being pinkish grey in colour. 
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Histology 


The mediastinal tumour had the characters of a teratoma. Though 
composed largely of cystic spaces lined by actively secreting columnar 
epithelium, elements from all three germinal layers could be found, 
including neuroglial tissue, stratified squamous epithelium and 
angiomatous tissue. Areas of necrosis -were present, and a few of 
the blood vessels were thrombosed. In the stroma surrounding all 
these elements small aggregations of monocytes similar to those seen 
in the spleen, bone marrow and liver were found. Monocytes were 
also found packed in many of the smaller blood vessels. In other 
parts polymorphs, lymphocytes and plasma eelte were present along 
with the monocytes. 


The tuberculous nature of the caseating area at the root of the 
upper lobe of the left lung was confirmed. The nodules in the right 
lung proved to be patches of tuberculous bronchopneumonia. The 
cells which filled the alveoli of the pneumonic areas were predominantly 
monocytes (fig. 1), with a few alveolar (phagocytic) cells and only an 
occasional polymorph. There was very little surrounding lymphocytic 
reaction, the central part of many of these areas was necrotic and a 
section of one of them revealed enormous numbers of tubercle bacilli. 

The nodules protruding from the surface of the liver were small 
foci of caseating tuberculosis (fig. 2). Around these areas the Binusoids 
contained many cells which were chiefly monocytes ; other cells 
present were lymphocytes, red blood corpuscles, a few polymorphs 
and one or two eosinophils. Elsewhere, foci of monocytes and 
lymphocytes could be seen, and 'in the centre of one of these foci there 
were a few endothelioid cells with pale oval nuclei and pink-staining 
nucleoli. In the portal tracts there were a few foci of monocytes, 
along with lymphocytes, polyrmorphs and a few plasma cells. c 
liver also showed chronic venous congestion with some degree 0 ® ^ 
degeneration. In parts the liver cells were much shrunken an 1(1 
almost disappeared. 

The Malpighian bodies in the spleen were small and inconspictio , 
and the lymphocytes of which they were formed appeare 
largely crowded out by monocytes. The sinuses were e ^ 
monocytes, red blood corpuscles and some polytnorphonuc ear ®‘ . 
few multinucleated cells of megakaryocyte type were a so P* 
Several small areas of necrosis were scattered throughou e JL an j e d 
and in one or two places there were giant cell systems acco 


by endothelioid cells. f ^seating 

The thickened wall of the lower ileum showed areas 0 ffas 
tuberculosis involving all three coats. The mucous nie “* ^hin- 
largely replaced by granulation tissue in which ^ re gej . in a 
walled blood vessels packed with monocytes (hg. ) ^ in 

stroma containing numbers of lymphocytes, , e are as 

places, many endothelioid cells. In addition to showing » b 
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of caseation, the whole of the muscular coat was diffusely invaded 
by monocytes, lymphocytes, plasma cells and fibroblasts. The 
peritoneal coat was thickened and consisted of a loose tissue with 
scattered cells, predominantly plasma cells and monocytes. Lympho- 
cytes and isolated multinucloated cells were also present, but there 
were very few polymorphonuclears. A nodule in the peritoneal coat 
was caused by a thrombosed blood vessel, together with an area of 
necrosis surrounded by monocytes, lymphocytes, plasma cells and 
fibroblasts. Tubercle bacilli were found in Ziohl-Neelsen-stained 
sections. The appendix was normal. 

The kidneys showed post-mortem autolysis and an infarct but no 
tubercles. There was no extravascular infiltration with monocytes 
but a few of the blood vessels were packed with them. The suprarenals 
were normal. 

The bone marrow of the femur (fig. 4) was packed -with colls 
which closely resembled the monocytes found elsewhere in relation to 
the tuberculous lesions. They were large polygonal cells, having a 
moderate amount of cytoplasm. The nucleus, which filled about 
two-thirds of the cell, was pale and vesicular and had a sharply defined 
margin but no nucleolus ; in shape it was round, oval, kidney shaped 
or lobulated. Scattered among these cells wore a few foci of cells of 
the red coll series and isolated polymorphs and eosinophils. Some 
cells showing mitotic division were present, but no megakaryocytes. 
One small area of necrosis was also seen. 

Summary of autopsy findings 

A large teratoma filled the left side of tho chest. An area of 
fibro-caseous tuberculosis was found in the left lung and tuberculous 
bronchopneumonia in the right lung. Generalised tuberoulous 
lymphadenitis was present and the mesenterio glands were particularly 
affected. Caseating and ulcerating tuberculosis was found in the lower 
ileum, and there were microscopic tubercles in the spleen. Tubercle 
bacilli were demonstrated in the mesenteric lymph nodes, ileum and 
lung. The bone marrow was packed with monooytes, and the splenic 
sinuses also were filled with these cells. The alveolar exudate in the 
lungs, the stroma of the teratoma, and many of the smaller blood 
vessels contained numerous monocytes. There was no real leukoemio 
infiltration in lungs, liver, kidneys or suprarenals ; in lungs and liver 
monocytes were present only in relation to tuberculous foci. 

Discussion 

The association of leuktemia, especially- myelogenous leukasmia, 
with tuberculosis is common, Jafie (1933) supporting the view that 
the debility caused by the leukfemia lights up an old tuberculous 
focus. Ouster and Crocker (1932) and JDlls and Townsend (1937), 

jo den or path —vol. i.vnr 2 x 2 
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however, report cases which they consider to be leuktemoid rather 
than leuksemic. It can be a matter of considerable difficulty to 
distinguish between these two conditions, especially if anemia is also 
present, as in leuco-erythroblastic reactions. The term leuksmoid 
implies a blood picture resembling one or other of the leukaemias. 
Whereas, however, in the true leukaemias no causal agent has as yet 
been recognised, in cases exhibiting leuksemoid reactions a tangible 
exciting cause is present. This may be and frequently is an infection, 
or it may be an intoxication or a bone disease such as secondary 
carcinomatosis. As in true leukaemias, the term leukaemoid also 
implies the presence of immature or atypical white blood corpuscles 
in the peripheral blood, and there is usually a considerable increase in 
the total leucocyte count, though counts of over 100,000 per cm 
are seldom seen except in chronic (true) leukaemia (Heck and Hall, 
1939). In clinical haematology all gradations in the blood picture can 
be seen from a simple leucoeytosis to leukaemia, these two being 
linked by high leucocytoses and leukaemoid reactions. Histologically 
the two can be distinguished by the fact that in true leukaemia there 
is leuksemic infiltration of most of the organs, but in leukaemoid 
reactions there is no such infiltration. In both conditions, however, 
the bone marrow may be hyperplastic. 

Since such leukaemoid reactions are recognised as affecting the 
myeloid series of cells, it is reasonable to suppose that lymphocytic 
and monocytic leukaemoid reactions may also be encountered. Such 
reactions havebeen discussed by Landon (1925) and Fitz-Hugh (1931-32), 
and indeed it is possible that some reported as myeloid or myeloblastk 
(Roth, 1913 ; MarzuHo and DeVeer, 1931) may rather have been of 
the monocytic type. That tuberculosis may produce a monocytosis 
of considerable degree is also indicated by experimental evidence. 
Cunningham et al. (1925) have shown that some chemical substance 
in the bodies of tubercle bacilli stimulates the production o ® 
reticular cells from which, they believe, the monocytes and endot ic a 
cells are derived, and their experience led them to think that t icrc is 
a correlation between the number of monocytes in the circu a iQo 
blood and the number concerned in the tuberculous process 
tissues. Since the lymph glands constitute one of the mam 80 
of reticular cells, and assuming their theory of the origin of ® on ® QUg 
from them to be correct, it is hardly surprising that cases o u er ^ 
lymphadenitis should tend to show high monocyte eoun s. 
also been thought (Feldman and Stasney, 1937) that the ° ne cu j oUS 
might become aUergic in much the same way as the skin m 11 
subjects ; some confirmation of this was obtained experimen^^,^ 

Cases of tumour formation associated with znonocj ic 
have been reported (Haining e( al., 1935; Campbe ^ e large 
but some at least of these are probably examples o excc y\ & ca5 c, 
leuksemic deposits. Ugriumow (1928), however, ie P 0 ^ g^ed a 
xegarded by him as one of monocytic leukaemia, w 
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considerable similarity to mine in. that there was a teratoma of the 
mediastinum : there was, however, no evidence of tuberculosis. He 
thought that the stroma of the tumour was closely related to the 
reticulo-endothelial tissue and had played its part along with the 
spleen, lymph glands -and other parts of the reticulo-endothelial 
system in the production of the blood changes. 

Summary 

1. A case is reported in which a high monocyte count (36,000 per 
c.mm.) was associated with wide-spread tuberculosis, particularly of 
the mesenteric glands, lungs, lower ileum and liver. 

2. Many tissues showed extensive mononucleosis, chiefly in 
relation to the tuberculous lesions, and the bone marrow also was 
packed with these cells. 

3. A large mediastinal teratoma was an interesting incidental 
finding. 

4. It is concluded that the case was probably one of monocytic 
leukcemoid reaction to generalised tuberculosis and not a true mono- 
cytic leukaemia. 

5. The significance of the term leukcemoid reaction is examined 
and the distinction of such a blood picture from true leukaemia is 
discussed. 

My thanks are due to Dr H. J. W. Fisher for the clinical notes of this case 
and to Drs J. Bamforth, G. Prunty and J. L. Pmniger for their help and 
criticism. 
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ON THE ESTIMATION OF FIFTY PER CENT. 
END-POINTS IN SEROLOGICAL TITRB1ETRY 

Carl-Goran Hed£n 

From the Bacteriological Laboratory of the Medical Clinic, 

Karolinska Sjukhuset , Stockholm 

In connection with studies on the antigenic properties of the antibody 
globulin, I have been obliged to determine the titro curves’ for 
agglutinins and precipitins in rabbits. As the size of the material 
precluded the use of exact and time-consuming methods, such, for 
instance, as the determination of the antibody nitrogen, there remained 
only the possibility of calculating the serum titres from the results 
of the ordinary agglutination and precipitation reactions. In doing 
so I arrived at a simple mathematical basis of calculation, which 
proved to bo so eminently practicable that it is considered worthy of 
publication. 

In Widal’s serum test it is customary to grade the agglutination 
from 0 to 5 by ocular inspection under a lens. The agglutination 
of a serum in the dilutions 1 : 200, 1 : 400, 1 : 800, 1 : 1600, 1 : 3200, 
1 : 6400, and 1 : 12,800 has, for instance, been expressed as 6, 6, 5, 
3, 2, 1 and 0, and the strength of the serum has been regarded as 
represented by the titre in the last tube showing a 3, in this example 
1 : 1600. It is evident, however that this method gives only a veiy 
approximate idea of the strength of the serum. By letting one single 
tube determine the titre, the determination may be subject to a large 
error, and the degree of agglutination in the surrounding tubes will 
not be mirrored in the result, which will be very sensitive to chance 
variations. Moreover, the dilution interval between the tubes is 
great, as the titration follows a geometrical progression. This error 
can naturally be reduced by repeating the agglutination with a 
smaller dilution factor, but then it must not be overlooked that the 
difference in degree of agglutination between the tubes is small, a 
fact which renders the determination of the end-point much more 
difficult. In the case of agglutination, it is not easy to express the 
titre by the final end-point, i.e. the dilution in the last tube where 
agglutination is perceptible. 

The titre corresponding to a certain standard agglutination (of 
Salmonella bacteria) has been calculated by Dreyer and Inman (1917) 
by determining an interpolation reading from the degree of agglutina- 
tion in the tube on each side of the “ end-point ”. The average of 
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the titres that could be calculated from the two tubes in this way 
was taken as the dilution giving standard agglutination. For the 
titration of 'therapeutic and toxic substances in animals Gaddum 
( 1983 ) has pointed out the suitability of choosing as end-point the 
dilution at which 50 per cent, of the animals react. This end-point 
is less influenced by chance variations than any other, particularly the 
100 per cent, end-point ordinarily used. The 50 per cent, end-point 
can be calculated simply according to a mathematical method 
described by Eeed (1936) and applied to animal tests by Eeed and 
Muench (1938). In view of the limitations of the customary methods 
of estimating serological end-points, this method, which is based on 
accumulated addition and interpolation, has been used here as a 
basis for the appraisement of titrations and for the determination 
of the strength of sera. Compared with the technique generally 
used, where the degree of agglutination in one or at the most two 
dilutions is determined, this method allows the degree of agglutination 
in a number of dilutions to influence the result, which thus gains 
reliability. 

Method, 


The agglutinating serum is diluted two -fold in a suitable series, antigen b 
added and the tubes are incubated. After twenty-four hours the degree o 
agglutination in the various tubes is read off and graded as follows 


100 per cent, agglutination. 

Large amount of agglutinate and clear super- 

-80 „ 

• 99 

natant fluid. 

Large amount of agglutinate but not quiw 

60 

t> 

clear supernatant fluid. 

Fair amount of agglutinate consisting o ergo 

40 „ 

» 

floecules and clouded supernatant fluid. 
Small amount of agglutinate consisting oi imr) 

20 „ 

ff 

small floecules. . . f 

Very small amount of agglutinate consisting ot 
small floecules visible through a magnify^ 


glass. 0 

0 „ „ No agglutinate. 

The results in the last four tubes containing visible a og^| p f 
were noted and the titre was calculated from the c°m emons {ntfe 
figures thus obtained. The case shown in table I W1 
the method of calculation : t is an arbitrary dilution. acc ord- 

The readings for the four dilutions of serum gra e in c0 ] umn p 
ing to the standards given above will be found un er ” 

If these readings are subtracted from 5, an inve e ° canlC column- 
gradation is obtained, which will he found under — m ^ higher 
Tor each dilution the sum of all -positive units or ^ ^ negative 
dilutions is found under + in column c, and t le sum under 

units for that and lower dilutions is found in e c ontinu° us l r 

— . It is assumed that the number of units e . or , nCffl - lie whe# 

as the dilution increases. The 50 per cent, end-pom netJat j ve unite- 

the total of all positive units equals the to a o 
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Table I 

Method oj calculation 



I’ll 1*2 L 1*4 L 1*81 

Grapliic illustration of tho 50 per cent, end-point. 

Tlia proportionate distance 1 in this figure can be calculated as 
shown in column e above. In tho final calculation (column f) the 
logarithm for the final titro is obtained as tho sum of tho logarithm 
for the next lower dilution under that corresponding to the 60 per cent. 
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reaction, and the logarithm for the dilution factor multiplied by the 
proportionate distance. The hypothetical result of a titration, given 
in table II, illustrates the use of the figure obtained. : 

Table II 


Hypothetical example of the method of calculating the result of a titration 


Dilution .... 

1 : 1G0 

1 : 320 

1:640 

1 : 1280 

1 : 2500 

1 : 5120 

Reading .... 

6 

6 

5 

3 

_1 

0 

The underlined combination of 
figures gives (calculated as 
above) 

Final titre (titre for the 50 per 
cent, end-point) 

4-99 1 

1 : 4-99 X 320=1 : 1697 or, rounded off, 1 : 1000 


In order to facilitate quick reading, table III shows the combination! 
of figures that may occur as gradations for the last four tubes with 
visible agglutination, and after these is given the figure by which 


Table III 

Table showing the combinations of figures which may occur as gradations for the 
last four tubes with visible agglutination, together with the figure by which 
the litre in the first lube of the four has to be multiplied in order to obtain th 
litre corresponding to a 60 per cent, reaction 



3 3 2 

4-00 

3 3 1 

3-44 

3 2 2 

3-17 

3 2 1 

2-83 

3 1 1 

2-48 

2 2 2 

2-68* 

2-2 1 

2-33 

2 l'l 

2-00 

1 1 1 

1-08* 

3 3 3 

(4-00) 

3 3 2 

3-44* 

3 3 1 

2-08* 

3 2 2 

2-83 

3 2 1 

2-52 

3 1 I 

2-23 

2 2 2 

2-32* 

2 2 1 

2-00 

2 1 1 

1-78 

I 1 1 

1-52* 

2 2 2 

(2-00) 

2 2 1 

1-76* 

2 1 1 

1-54* 

1 1 1 

1-31* 

1 1 1 

(1-00) 


the titre in the first tube of the four is to be multiplied in ^ 
obtain the titre corresponding to a 50 per cent, reac io 
sake of completeness series like 2222 and others have 
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but in these cases the results (which have been bracketed) should not 
be used, as the method is inapplicable to series too far removed from 
a gradually declining curve. In somo of those cases, far from feeling 
safe in calculating an end-point, one should suspect a serological 
anomaly, for example that the series contained 2 agglutinins of 
different reactivities with tlio feebler reactive antibody in greater 
concentration. For similar reasons the results marked with an 
asterisk should bo used with caution. 

As will bo shown in a subsequent papor, this method is naturally 
not limited to the agglutination reaction, but can also bo usod, for 
instance, in the precipitation reaction, where, howover, it is of less 
value, as the optimal ratio of Dean and Webb (1920) provides a more 
correct measure of antibody content. It should bo pointed out that 
the determination of the degree of agglutination naturally requires 
a certain amount of training. For this reason it is advisable at first 
to determine the mean valuo for two calculations of identical titrations. 


Summary 

A simple mathematical method is applied to tho problom of 
estimating 50 per cent, end-points in serological titrimetry and a 
table wliick enables a rapid calculation to bo mado is suggested. 


I wish to thank Dr A. A. Miles and Dr S. Card for their interest nnd valuable 
ad vice. 
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STUDIES ON THE EFFECT OF THIOUREA AND 
ALLIED SUBSTANCES ON THE THYROID 
GLAND AND OTHER ORGANS IN RATS AND 
MICE 

Rosa P. Jones 

From tkc Department of Zoology , The University of Leeds 

(Plates LXXVTI and LXXVTII) 

The results of recent investigations have drawn attention to a group 
of drugs wliioli produce hypothyroidism and goitre in rats, mice and 
dogs (MacICenzio and MacKenzio, 1943 ; Astwood, 1043). These 
include sulplionamides and various derivatives of thiourea. It has 
been suggested that they intorforo with the synthesis of diiodotyrosine, 
so that the thyroid changes may bo compensatory in nature (Campbell 
el at, 1944). Inliibition of amphibian development by thiourea has 
been reported by Gordon et at (1943). 

In this paper an investigation of tho cytological and histological 
changes induced by thiourea and somo of its derivatives in the thyroid 
gland and various other endocrine organs (including the sex organs) 
of rats and mice is described. Somo information is given about toxic 
effects arising from tbo administration of these compounds. Tho 
influence on the metamorphosis of tadpoles by feeding them with the 
thyroids from the treated rats was also studied. 


Methods and materials 

Albino rats from Glaxo Wistar stock were used, controls being kept in 
parallel. In one experiment the treated animals were litter mates : for the 
other experiments rats were taken at random. Both males and females were 
used, the body weights ranging from 90 to 330 g. Albino and champagne 
laboratory mice were used in experiments with repeated higher doses of thiourea 
and were kept under the same conditions as the rats. For the experiments with 
repeated high doses of thiourea and a -naphthyl thiourea over a long period, 
tho conditions differed slightly, owing to the necessity of tho writer working in 
a different part of England, hut this had only a negligible effect on the results. 
Tho animals were fed tlirico weekly on bean mash consisting of a mixture 
of 35 per cent, bean, 25 per cent, ground oats, 15 per cent, palm kernel meal, 
10 per cent, maize mash, 5 per cent, fish meal, 0*5 per cent, meat meal, 5 per cent, 
dried Bkim milk, 2-5 per cent, dried grass meal, 1-25 per cent, dried yeast and 
0>75 per cent. salt. To this 2 per cent, of cod liver oil was added. Crushed oats 
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and Spillers “ Winalot ” wholemeal biscuit were given four times a week 'and 
rat cubes having the same ingredients as the mash but with a higher proportion 
of dried milk once a week. Tap water was available in unlimited quantities 
Five rats were kept in each cage under hygienic conditions, in semi-darfaeu 
and at a temperature of about 60° F. 

The chemical compounds used were thiourea, a-naphthyl thiourea, jS-naphthvl 
thiourea, aa-dinaphthyl thiourea and /3,8-dinaphthyl thiourea. Thiourea k; 
quite a high solubility in water and was used as 1 and 9 per cent, solutions ; the 
other compounds were used as 0'25, 1 or 2 per cent, suspensions made with 
gum tragacanth. The doses were administered to rats either orally or 
subcutaneously but only subcutaneously to mice. If the dose were given 
orally the rats were first anaesthetised with ether and the compound was given 
by means of a rubber catheter passed into the stomach. Subcutaneously, the 
injection was given in the flank, near the thigh, the side being varied periodically. 
Mice were injected in the mid-dorsal line above the pectoral girdle. Some 
deaths occurred but animals surviving the period of the experiment were 
1 killed rapidly with an overdose of ether and the tissues were removed and 
fixed immediately. The animals were weighed at the beginning of the 
experiments and if repeated doses were being given they were weighed daily 
for adjustment of the dose. Careful autopsies were made and pleural fluid, 
when found, was measured. After the repeated dos.es of a-naphthyl thiourea the 
endocrine and sex glands were weighed. 

A group of 3 rats was anaesthetised daily over a period of 23 days and killed 
by an overdose of ether, while a corresponding group was killed by a blow on 
the head. The glands were removed and fixed for the demonstration of any 
definable change in the Golgi apparatus comparable with that found by 
Watzka (1939). 

The various glands were fixed in formol-aleohol, formol-saline or formoi- 
Zenker. For the demonstration of the Golgi apparatus Aoyama was fo® 
to he the most satisfactory fixative (20 hrs.). Sections were stained rrt 
Ehrlich’s hasmatoxylin and eosin and by Bensley’s method for thyroxin. For 
staining the Golgi apparatus the tissue was rinsed in distilled water an t ea 
transferred to 1-5 per cent. AgN0 3 for a further twenty hours at 22 • - 

material was again rinsed in distilled water, then reduced in Kamcm-y- <jl a - 
solution for 5-6 hours, washed in running water, upgraded and em e 
Sections were cut at 2-4 p. and were treated with gold chloride fo ow 
sodium thiosulphate and counterstained with neutral red. • , 8 t 

Tadpoles hatched from spawn kept in the laboratory were trans err ^ 
the internal gill stage, to aerated aqueous solutions of (a) O' ^! n j,fhri 
thiourea, (6) 0*001 per cent, a-naphthyl thiourea, (c) 0-005 per con . n ‘ ^ 

thiourea, (d) 0-001 per cent. Elityran (a Bayer product, each ta e ^ ^ 
thyroid approximately equivalent to 0-15 mg. total organic io me an 
thyroxin) and (e) aerated distilled water. Approximately t :o sa ^ raor£ , 
of Elodea canadensis was supplied as food in each vesse . ^ymids 

advanced stages were kept in aerated distilled water and fe wi fjjourea 

of rats (a) treated with repeated doses of 10 mg./kg. of a ' m P 1 { re3 ted with 
subcutaneously over periods of 10, 12, 14, 16 and 18 ays, ( ^ ovcr a 

repeated subcutaneous injections of 10 mg./kg. a-naph y , . rea 0 rer a 
period of 42 days, (c) given 8 oral doses of 1000 mg./kg- 0 j. e pt for H 
period of 21 days and (d) kept as controls. These ta po C * S • ro p] l0 *ograpk : 
to 75 days. They were photographed at various stages an experiment 
were taken of sections of the thyroid and adrenal glands rom ^ ^ u; ing a 

rats. Drawings were made with the help of a Zeiss J ° ie ccs. 

1-8 U.S. Bausch and Lomb objective on a binocular witn 
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Results 
Toxic effects 

(i) a-Naphlkyl thiourea. Thirty-six rats wore given single oral 
doses ranging from 4 to 35 mg./kg. The lethal dose necessary to 
produce 50 per cent, of deaths (L.D. 50) was found to lie between 
25 and 30 mg./kg. There was no noticeable chango in the behaviour 
of the treated, rats but growth was impeded. In the controls the 
average weight rose from 98-4 to 187-1 g. and in the treated rats 
— receiving 33 doses over a period of 42 days — from 105 to 154-73 g. 
This is equivalent to a mean percentage increase in the treated rats 
of 54±3-7 per cent, and in the controls of 98^3-6 per cent. The 
difference of 44 per cent, is more than 8 times its standard error 
(5-2), and is therefore highly significant. A fatal dose of a-naphthyl 
thiourea led to pulmonary oedema and pleural effusion, which began 
within 6 hours of administration but resolved in non-fatal cases by 
the fourth day. The amount of pleural effusion is recorded in table I. 

Table I 

Pleural effusion following a single dose (20 mg./kg.) of a-naphthyl 
thiourea .- volume at time of death of 15 rats 


Time interval 

Volame of fluid (c c ) 

6 hrs. (4 killed) 

1 day {6 died) 

1 „ (3 killed) 

2 days (2 killed) 

4 „ (1 killed) 

2-7, 2-6, 1-6 and 1-0 

11-6, 10-9, 8-3, 7*6 and 4-0 

13*0, 7*8 and 5*0 

5*2 and 4*8 

1*3 


The fluid was clear and if left in a test tube it coagulated after some 
t hours. Repeated doses of 10 and 15 mg./kg. were given to groups 
! of rats (29 in all) over various periods but no deaths occurred. 
i (ii) p-Naphthyl thiourea. Fifty-six rats were given single oral 

• doses ranging from 25 to 180 mg./kg. The L.D. 50 proved to be 

1 160-180 mg./kg. (table H). Six out of the seven animals which died 

\ had a pleural effusion. The lungs were cedematous, with some 

emphysema and haemorrhages. 

/ (iii) m-Dinaphlhyl thiourea. Sixty-five rats were used, but this 

l< substance was not as toxic as either a- or j8-naphthyl thiouroa. Single 

! oral doses ranged from 25 to 180 mg./kg. One animal died on the 

fifth day after a dose of 50 mg./kg. Autopsy revealed lungs recovering 
from pleurisy, with commencing fibrosis. 

(iv) fifi-Dinaphlhyl thiourea Sixty-five rats were given single oral 
V doses ranging from 25 to 180 mg./kg. One death occurred on the 
r eighth day following a dose of 40 mg./kg. Autopsy revealed some 
liver damage and oedema and congestion of the lungs. 

JOREN. OF PATH.— YOI. LTHI 
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(v) Thiourea. Single doses of thiourea were not given. Repeated 
subcutaneous doses of 500 and 1000 mg. /kg. were given to 10 mice: 

. Table 11 


L.D. 50 of ft-naphthyl thiourea given orally 



one mouse died on the third day after the second dose of 1000 rog./kg. 
Repeated oral doses of 20 and 1000 mg./kg. were given to Id tab. 
One rat died on the 22nd day after a dose of 1000 mg./kg. 


General changes in endocrine and sex glands 

These observations were confined to animals receiving 
and a-naphthyl thiourea, as no changes had been noted m 

The normal rat 

which may be either round or oval. The g , euitheliu® 

near the surface of the gland. The cells o ® whilst in 

are generally cuboidal, but in some cases low « naT > t0 the 
larger peripheral follicles they may be \ Jti arc mainly 

pressure exerted by the contained collo - cen tralij' pkced 

spherical or ehipsoidal and may be either tasa J Jn sOin0 eases 
The colloid is somewhat variable in staining r • ^ vaCU0 [ a ted 
it fills the follicular cavity completely, m otner Intcr , fo! ] icu Iar 
throughout and yet again only at the marg • fibrous 

epithelium is present and connective tissue » rich capillary 

stroma, relatively smah in amount, bu co . ^ struC ture is 

plexus of blood vessels. The variability yct j ffi perfedly 

doubtless due, in part at least, to function^ ^ } and central 

understood (fig. 1). In the normal mouse fffc 

vesicles are less sharply differentiated th mgM'/ 

cf.-Napb.tU.yX thiourea, (i) Smgle oral doses o 
given to a group of 15 rats. Five of these died on ^ ^ 4 ^ 

and the remainder were kihed at mterva o fche four th day, 1 
The maximum' changes in the thyroid occurred 
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the epithelial cells of the peripheral vesicles ranged from cuboidal 
to columnar and most of the cells of the other vesicles were columnar 
or high cuboidal, the nuclei tending to be basal, while the colloid 
was vacuolated in all vesicles. 

(ii) Thirty -three subcutaneous dosos of 10 mg./kg. were given to 
19 rats over a period of 42 days. After this dosage there was no 
enlargement of the thyroid. The epithelium of the peripheral vesicles 
was more columnar than in corresponding regions of the litter-mato 
controls, but both groups showed depletion of colloid with vacuolation 
(fig. 2). There was possibly' a slight atrophy of the thyroids of the 
treated rats, for the average weight was 0-011 g., while that of the 
controls was 0-017 g. 

(iii) Eight oral doses of 10 mg./kg. were given to 6 -rats over a 
period of 9 days. Two died on the second day and the remainder 
were killed at the end of the period. The thyroids were not enlarged 
and there was little structural change. The ouhoidal epithelium of 
the peripheral vesicles was low but in the other vesicles it was higher— 
than normal. The nuclei tended to be more basal and the colloid 
rather more vacuolated than normal. 

(iv) Twenty oral doses of 15 mg./kg. were given to 5 rats over a 
period of 23 days. The only discernible difference was in the presence 
of desquamated cells in the centre of some vesicles and a Blight 
reduction in colloid. 

Thiourea, (i) Eleven doses of 20 mg./kg. were given orally over 
a period of 14 days to 5 rats. The epithelium of the central vesioles 
and of many of the peripheral vesicles was columnar. There was 
little colloid in the central vesicles. 

(ii) Five rats were given oral doses of 1000 mg./kg., two of them 
receiving 7 doses, the others 8 doses over a poriod of 20 days. The 
vesicles in all cases were oval rather than circular and the epithelium 
was columnar. 

(iii) Five rats were given 20 repeated oral doses of 1000 mg./kg. 
over a period of 23 days. Marked hypertrophy of the glands resulted, 
with elongation of the lumen of the vesicles. The epithelial cells 
were high columnar and there was notable absence of colloid (fig. 3). 

(iv) Ten doses of 500 mg./kg. were given subcutaneously to 5 
mice over a period of 10 days. The epithelial cells were columnar 
and depletion of colloid was slight. 

(v) Ten doses of 1000 mg./kg. were given subcutaneously to 5 

I mice over a period of 11 days. One died after the third dose on 

' the third day; the remainder were killed on the 11th day. The 

' thyroids did not all reveal the same amount of change, the height 

I of the cells varying from cuboidal to high columnar, with marked 

depletion of colloid in one only. 

' Thymus. The thymuses of the rats treated with s-naphtliyl 
{ thiourea showed a marked decrease in size and weight after 9, 12, 13, 

! 15, 17 and 33 doses of 10 mg./kg. and after 20 doses of 15 mg./kg. 
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The mean weight of 19 thymuses from the rats receiving 33 doses 
was 0-12 g., from the corresponding controls 0-32 g., a statistically 
significant difference. 

Pituitary. No change of any significance was observed in anv 
pituitaries of animals killed 5 hours, 2 days or 3 days after a single 
dose of 20 mg./kg. of a-naphtkyl thiourea nor after 9, 12, 13, 15 or 
17 doses of 10 mg./kg. 

Adrenals. The adrenal glands of the animals treated with repeated 
doses of a-naphthyl thiourea and thiourea showed no significant 
histological changes. There was a slight but not significant difference 
between the mean weights of the_ adrenals of the animals receiving 
the 33 repeated doses of 10 mg./kg. and the corresponding controls. 
The former were 0-515, the latter 0-68 g. The Golgi apparatus was 
clearly seen in the cells of both medulla and cortex, generally as a 
juxta-nuclear cap. No difference was observed between controls and 
treated rats. 

Sex glands. There was no apparent abnormality in the testes of 
the rats treated with single or repeated doses of a-naphthyl thiourea 
or with the repeated doses of thiourea. However, the mean weight 
of 19 pairs of testes from the animals receiving 33 doses of a-naphthyl 
thiourea was 1-156 g., while that from the corresponding controls was 
1-225 g. This difference does not quite reach the conventional level 
of statistical significance. 

Cytalogical changes in the thyroid gland 

(i) Cell size and shape. In the thyroids of normal rats there is 
variation in the shape and size of the cells. When the peripheral 
vesicles are full of colloid the cells tend to be low cuboidal, otherwise 
they are all cuboidal. The central vesicles are made up of hig 
cuboidal or low columnar cells. No striking changes are apparent 
after treatment with a-naphthyl thiourea but after thiourea the ce a 
are high columnar and the cytoplasm is not vacuolated. 

(ii) Nuclear position. The nucleus is normally basal or centra in 

position and no change is discernible after treatment with a-nap J 
thiourea and the lower doses of thiourea. Repeated admirns ra ion 
of higher doses of thiourea is associated with round to ova nuc 
usually in a basal position-. , 

(iii) Golgi apparatus. Over 46 thyroids were impregnate 0 ' “ 

the Golgi ’apparatus. It appears that there are three main } » 

differing somewhat from those described by Gdhnan ( L. ea f er 
a loose network which may ramify in the cell to a lesser or 
extent (figs. 4-6) ; ( b ) a condensed network (fig- 4) , ( c ) a ^ a jj 

apparently fragmented and in intimate connection wit i sever 

or one large vacuole which distends the cell and forces e 0 f 
towards the basal position (figs. 4, 5, 7 and 8). In the vas ma ^ ^ 
cases the Golgi apparatus is situated on the lumina 
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Fio. 4. — Cells from thyroid gland of normal rat showing Golgi apparatus : (c) “ frag, 
men ted,” (o) network, (6) condensed network. N =3 nucleus, G = Golgi apparatus, 
V ss vacuole. 



Fio. 5. — Cells from thyroid gland of rat given 20 oral doses of a-naphthyl thiourea 
(20 mg./kg.). If = nucleus, G = Golgi apparatus, V — vacuole. 



Fia. 6. — Cell from thyroid gland of rat given 20 oral doses of thiourea (1000 mg./kg.). 
N = nucleus, G = Golgi apparatus. 

JOTON. OF FATn. — VOL. ivm 


2k 2 



490 


B. P. JONES 


nucleus, but in a few cases there is an apparent reversal to the 
basal position (Okkels, 1931). According to Gilhnan “reversal of 
position ” is only to be seen in single sections. t Serial 'sections 
demonstrate that a “ reversal ” Golgi apparatus is only part of the 
whole, which extends around the nucleus. Ponse (1938), however, 
ignores this interpretation and feels forced to admit that there is a 
relation between the inversion of the Golgi apparatus and the basal 
excretion of colloid. The appearance of a vacuole within the Golgi 
network, the increase in size of this vacuole or the formation of 
several vacuoles in connection with the fragmented Golgi apparatus, 
the protrusion of the vacuole into the lumen of the vesicle and the 
presence of a vacuole outside the cell in normal and a-naphthyl 
thiourea-treated animals all suggest * that the Golgi apparatus is 
connected with a secretory cycle in the cells and is concerned with 
the elaboration of the vacuoles. The types of Golgi apparatus observed 
in this sequence may represent Gillman’s (1934) anabolic andkatabolic 
types. In normal rats (fig. 7) all three types of Golgi apparatus were 
observed, but on the whole the loose network type (a) predominated. 
There was no definable difference between the Golgi apparatus in 
thyroids from rats anaesthetised daily over a period of 23 days and 
then killed by an overdose of ether and in those from rats killed by 
a blow on the head comparable with the difference found by Watzka 
(1939) in spinal ganglion cells after death from ah overdose of 
chloroform. 

There was no essential deviation from the normal in rats given 
single or repeated doses of a-naphthyl thiourea : all three types of 
Golgi apparatus could be seen (fig. 8). However, all thyroids from 
rats treated with thiourea showed a noticeable absence of cells with 
large vacuoles and fragmented Golgi apparatus. The group receiving 
20 doses of 1000 mg./lig. showed no vacuolated cells, the majority 
having a hypertrophied Golgi apparatus in the form of a loose 
network, in marked contrast to the controls and those receiving 
a-naphthyl thiourea (fig. 9). 

\ 

Tadpole experiments 

In these experiments all the tadpoles in the 0-001 per cent, 
a-naphthyl thiourea solution were dead by the 22nd day an io-® 
in 0-005 per cent, solution by the 20th day, due, possibly, o 
drug being toxic in these concentrations. During the expetimen 1 
was a distinct loss in pigmentation in comparison with the con r 
The tadpoles kept in 0-001 per cent. Elityran solution had by 
time begun to metamorphose and had hind limbs and front ® 
showing an essential change as compared with the contro s. 
poles were coming to the surface to breathe periodically , but even m p er 
all died. Those in the 0-033 per cent, thiourea solution were s ^ 
than the controls, but unlike them had hind limb buds. ; 

kept for a further period of 32 days, by which time some 
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Fig. 1. — Thyroid from normal rats showing colloid in vesicles. Hematoxylin and 
eosin. x 250. 

Fig. 2. — Thyroid from rat given 33 doses of 10 mg./lcg. ot-naphthyl thiourea, showing 
colloid in vesicles. Hematoxylin and eosin. X 250. ' 

Fig. 3. — -Thyroid from rat given 20 doses of 1000 mg./kg. thiourea, showing absence 
of colloid. Hiematoxylin and eosin. x 250. 

Fig._7. — Vesicle from thyroid of normal rat, showing Golgi apparatus types (a), (1>) 
and (c). Aoyama. x 1000. 

Fig. S. — Vesicle from thyroid of rat given 20 doses of 15 mg./kg. a-nnphthyl thiourea, 
showing Golgi apparatus types (o), ( b ) and (c). Aoyama. xlOOD. 

Fig. 9. — Vesicle from thyroid of rat given 20 doses of 1000 mg./kg. tliiourea, showing 
Golgi apparatus type (o) and absence of colloid. Aoyama. X 1000. 
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others were larger than tho controls and their development was little 
in advance. Somo showed tail abnormalities such as twisting. The 
results of the experiments in which groups of tadpoles wero fed with 
thyroids of treated and control rats are summarised in tables III-V 
(figs. 10-15). 

Table HI 


Changes in tadpoles fed with thyroids from rats given daily subcutaneous doses 
of 10 rng.fhg. a-naphthyl thiourea and hilled at intervals of 10, 12, 14, 10 and 
18 da ys 


Period of thyroid 
feeding (days) 

15 fed with thyroids from 
normal rata 

15 fed with thyroids from 
treated rats 

No thyroids given 
(15) 

14 

Hind limb buds appeared 

Hmd limb buds appeared 

No observable 
change 

18 

Increase in bizo 

Increase in size 

No change 

38 

Hind limbs pigmented 

Hmd limbs pigmented 

No change 


Table IV 


Changes % n tadpoles fed with thyroids of rats given 33 subcutaneous doses of 
10 mg. fig. a naphthyl thiourea over a period of 42 days 


Period of thyroid 
feeding (days) 

30 fed with thyroids from 
normal rats 

30 fed with thyroids from 
treated rats 

No thyroids given 
(30) 

5 







minute 

9 



Hmd limb buds 


wedge shaped bodies 
Out of 30, 11 alive 

wedge shaped bodies 
Out of 30, 23 aliv e 

internal 

18 

Tig 10 

rig ii 

rig is 

24 

1 alive 

15 nhvo 

All alivo 


Table V 


Changes in tadpoles fed with thyroids of rats given 8 oral doses of 
1000 mg.Jkg. thiourea over a period of 20 days 


period of thyroid 

feeding (days) 


12 fed with thyroids from 
treated rats 

No thyroids given (12) 

1 

Limb buds evident 
m a few • rather 
wedge shaped 

Limb buds evident 
m a few : rather 
wedge shaped 

Limb buds in a few : 
no alteration m 
shape 

9 

5 alive * hmd limbs 
external : varying 
in size and develop 
ment 

3 alive : hmd limbs 
external and angled 

9 alive • hmd limb 
buds not angled 

^15 

Fig 13 

All dead 

Fig 34 

All dead 

Fig 15 

9 alive 
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Discussion 

It is evident from these experiments that neither aa-dinaplithyl 
thiourea, /3/3-dinaphthyl thiourea nor thiourea was lethal in the doses 
given over the various periods. The rats tolerated higher doses of 
thiourea than those used by Landgrebe and Morgan (1946), but, as 
they state, “ different workers have found the toxicity of thiourea 
to rats to be very variable The allied compound, a-naphthyl 
thiourea, when given in a single low dose caused 100 per cent, mortality 
in 24-72 hours. The most striking pathological change occurred in 
rats after the administration of single doses of a-naphthyl thiourea— a 
change comparable with that noted by Richter and Clisby (1942) after 
administration of phenyl thiocarbamide. This change consisted of 
an early pleural effusion followed by pulmonary oedema and was due 
to a primary rather than a secondary action of the drug. 'The pleural 
effusion appeared within 5 hours and in non-fatal cases was being 
resolved by the fourth day. Further, the treatment with a-naphthyl 
thiourea produced marked atrophy of the thymus and markedly 
impeded growth. Repeated doses of a-naphthyl thiourea and in 
particular of thiourea caused an increase in the height of the cells 
of the thyroid vesicles. Hyperplasia of the thyroid occurred after 
thiourea treatment, agreeing with the findings of Astwood (1943), 
MacKenzie and MacKenzie (1943), Mixner et al. (1944) and others. 
Further, in animals given thiourea the nucleus assumed a basal 
position in the cell, possibly due to the internal vacuolar pressure 
resulting from the’ marked activity of the gland. Marked activity of 
the thyroid has been linked with considerable enlargement of the Golgi 
apparatus in hyperthyroidism and exophthalmic goitre (Ludford and 
Cramer, 1928-29 ; Okkels, 1931, 1932, 1934; Gillman, 1935-36; Welch 
and Broders, 1940). The enlargement of the Golgi apparatus foun 
after repeated higher doses of thiourea, the increased height of the cells, 
general thyroid hyperplasia and depletion of colloid all seem to indica e 
marked activity of the thyroid glands of the rats used in ticse 
experiments. It is possible that depletion of colloid is a resu t o 
interference by thiourea with the synthesis of thyroid hormone, a 
suggestion put forward by Campbell et al., Astwood and others. 

The results of the tadpole experiments agree with those of or on 
et al. in so far as there was increase in size of those kept in t uoure 
solution, and there were abnormalities of the tail. The other ta po^ 
experiments did not furnish enough critical evidence to allow cone usi 
deductions to be made as to the amount of thyroxine in the g an s. 

SUMMABY 

1. The L.D. 50. of a-naphthyl thiourea was found to be 2o 
mg./kg., of /3 -naphthyl thiourea 160-180 mg./kg., of act- aap > ^ 
thiourea and j3j3-dinaphthyl thiourea >180 mg./kg. an o 
> 1000 mg./kg. given orally. 




Plate LXXVIII 


Fig. 10. — Control tadpole. 

Fig. 11. — Tadpole fed with thyroids from normnl rats (18th day). 

Fig. 12. — Tadpole fed with thyroids from rats given 33 subcutaneous doses of 10 mg./kg. 
a-naphthyl thiourea over a period of 42 days (18th day). 

Fig. 13. — Control tadpole. 

Fig. 14. — Tadpole fed with thyroids from normal rats (9th day). 

Fig. 15. — Tadpole fed with thyroids from rats given 8 oral doses of 1000 mg./kg. 
thiourea over a period of 21 days (9tli day). 

All X 4. 
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2. Single doses of a-naphthyl thiourea produced marked pulmonary 
oedema. Repeated doses of 10 and 15 mg./kg. impeded growth and 
caused atrophy of the thymus. 

3. Repeated doses of 1000 mg./kg. of thiourea caused congestion, 
depletion of colloid and hypertrophy of the thyroid gland. 

4. Three main types of Golgi apparatus were found in normal 
thyroid gland cells : (a) a loose network, (6) a condensed network, 
(c) a fragmented network in connection with several vacuoles or one 
large vacuole. These may he connected with phases in the secretory 
cycle of the cell. 

5. In the thyroid cells of rate receiving large doses of thiourea over 
a long period, types (a) and (6) were alone found and there was 
hypertrophy of the Golgi apparatus. In those from rats receiving 
repeated doses of a-naphthyl thiourea over a long period (a), (6) and 
(c) were all found. 

6. Tadpole experiments point to the fact that when thiourea and 

a-naphthyl thiourea are administered to rats over a certain limited 
period there is still enough active principle in the thyroid to accelerate 
metamorphosis. When tadpoles are kept in thiourea and a-naphthyl 
thiourea solutions growth changes are exhibited in the one case and 
colour changes in the other. ^ 

Thanks ore due to Professor G. R. Cameron, University College Hospital 
Medical School, University of London, for his invaluable suggestions and 
criticisms, and to Professor E. A. Spaul, University of Leeds, for his helpful 
encouragement and for revision of the manuscript. 
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THE EFFECT OF PENICILLIN ON THE 
TUBERCLE BACILLUS 

C. N. IliAtfD 

Winter ton Emergency Hospital, Scdgcfield, Stockton-on-Tees 

(Plate LXXIX) 

Until now tlie tubercle bacillus lias been listed among the organisms 
insensitive to penicillin. The Oxford workers were the first to state 
this conclusion (Abraham et al. } 1941), Avhich was based on failure to 
inhibit the organism in heavily inoculated glycerol broth. The 
penicillin in the test cultures was renewed every second day and the 
highest concentration was 40 units per c.c., and the drug was neither 
so pure nor so accurately standardised as it is to-day (Gardner, 
personal communication). In 1943 Robinson reported that mice 
infected with avian tubercle were not protected by penicillin treat- 
ment. Smith and Emmart (1944) carried out a more extensive 
investigation. They used concentrations of up to 30 units per c.c., 
glycerol broth and Proskauer and Back’s medium, and a virulent 
laboratory strain of human tubercle bacillus. “ No marked inhibitory 
effect was noted ”. With a chick embryo technique the number and 
size of tho tubercles formed were reduced in the highest concentrations, 
but tho embryos were damaged by the drug. In some animal 
experiments the authors say that the dose used was too small and 
that the drug was toxic. They conclude that <c the possibility is left 
open that more intensive treatment might be better ”. While tho 
present work was still in progress Woodruff and Foster (1945) reported 
that they found no inhibition with a number of mycobacteria, including 
an avirulent strain of human tubercle bacillus, oven with a concentra- 
tion of 1 000 units per c.c. More recently Friedmann ( 1945) has recorded 
good growth of human, bovine and avian tubercle bacilli in the 
presence of penicillin of an initial strength of 20 units per c.c. The 
medium was Tyrode’s solution containing chick embryo tissue. 

In this* paper I shall describe and discuss experiments which show 
that under appropriate circumstances penicillin inhibits the human 
tubercle bacillus. 

, Experimental details 

Pryco’s (1941) elide culture method was chosen because I desired a small 
inoculum and wished to study the organism directly from the patient without 
the intervention of even a single subculture. For use it was modified on tho 
basis of Muller's (1944) recommendations. 

405 
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Under sterile conditions small screw-capped bottles of 6 c.c. capacity were 
filled with 3 c.c, of liquid medium. Strongly positive sputum was emulsified 
with sterile saline on a mechanical shaker, with glass beads to assist mixing. 
A standard amount (1-2 cm) of the emulsion was spread on one-half of 
2-5 X 0*6 cm. glass slides, which were then dried for two hours at 37° C., treated 
with 10 per cent, sulphuric acid for 16 minutes and washed in five changes 
of sterile distilled water. One slide was then transferred aseptieally to each 
bottle. The cultures were incubated at 37° C. and at two-day intervals a 
control culture was removed. The slide was dried over a small flame and 
stained with strong carbol-fuchsin as in the Ziehl-Neeteen method, but without 
counterstaining. When good growth could be recognised under the low power 
(fig. 2), the test cultures were removed, fixed and stained. The finished slides 
can be mounted in order on a microscope slide under a covexslip. Before 
insertion of the slides, the required amounts of penicillin in solution were 
added to the test cultures. As a rule cultures grew in from 7 to 9 days. 
Penicillin was not added to the test cultures dining this period, and was present 
at the end of the experiments. 

Culture medium. A watery extract of Loewenstein’s medium was made by 
adding 12 c.c. of sterile distilled water to a slope of medium as supplied by the 
L.C.C. Pathological Service. The slope was left for one month at room 
temperature and the clear fluid used as medium. This medium does not destroy 
penicillin, a concentration of five units per c.c. loses on an average 25 per cent, 
in strength in seven days at 37° C. 

Penicillin. Two American preparations (Merck’s and Pfizer’s), and some 
English (T.R.C.) were used. All solutions were made up immediately before 
the experiment. 

Muller’s method of recording results was not adopted ; complete absence of 
visible growth (fig. 3) was taken as inhibition, partial growth being disregarded. 
With the technique described and all glassware cleaned as recommended by 
Drea (1942), only 0-3 per cent, of the experiments showed contamination. 


Results 

In the first experiment the concentration of penicillin ranged from 
1400 to 15 units per c.c. Complete inhibition was noted at strengf : 
down to and including 70 units per c.c. In further experiments t e 
end-point was variable with different 'strains and different batches a 
media. In table I the values refer to the concentration at t io 
beginning of the experiment. The penicillin level was falling throug 
out and the minimum inhibitory concentration was not determine • 
It probably varies with the strain of organism and the medium. ^ 
under the conditions described it was regularly noted that m i i 1 
takes place with initial concentrations of from 20 to 80 units per c.n 
At the end of one experiment the inhibited test cultures 
re-incubated in fresb penicillin-free medium and p’owtn appe 
after eight days ; in this case at least the inhibitory e ec 

apparently bacteriostatic. e 0 f 

The above experiments show two main differences om . ^ . 

the other workers quoted. (1) The inoculum was iery 
approximately 10,000 organisms were used per culture, o 
some hundreds grew. (2) The organism was always Iresni) 
from the host. 
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s Pig. 1. — Control culture 

■s. ^ at the beginning of the 

experiment, show mg 
numerous acid - fast 
bacilli. X 1000 

\ 

/ 




Fig. 2. — Control culture 
after eight days’ in 
cubation, show ing mod 
erato growth, x 400 





Fig. 3. — Test culture con- 
taining an initial dose of 
40 units of penicillin per 
c c. After eight days’ 
incubation no growth can 
be seen, x 1000. 
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Either or both of these factors could account for the difference 
in my results but the first is the more likely, because, according to 
Woodruff and Foster, the tubercle bacillus is an active producer of 
penicillinase ; a seven-day culture of this rapidly growing avirulent 
strain (E 607, U.S. Nat. Col.) could destroy 800 units of penicillin 
per c.c. in 2 hours at 37° C. The addition of a large inoculum of 
such an organism to a penicillin-containing medium is equivalent to 
adding a quantity of active penicillinase. To test tins view experi- 

Tabix I 


Concentration oj penicillin inhibiting M. tuberculosis liomirus 


Strain 

Penicillin 

(range of concentration 
tn units) 

Inhibition 

(lowest strength giving 
complete inhibition) 

s 

1330-16 

70 

B 

1660-80 

80 

p 

340-40 

80 

P 

16G-10 

34 

V 

40 

40 

K 

320-20 

20 

' K 

480-24 

48 

K 

270-17 

34 

Q 

420-10 

40 

o 

80-2 

40 

0 

1GG-10 

20 


ments wore done with different sizes of inoculum and different 
organisms. Two strains were used, a recently isolated virulent strain 
(O), and E 607 (U.S. Nat. Col.) as used by Woodruff and Foster 
(aide supra). Both were grown in the watery egg medium and were 
incubated at 37° C. for varying periods. The inocula were measured 
amounts of a smooth suspension of the organism made by grinding 
up a weighed quantity with sterifo saline. The experiment was done 
in duplicate. 

These experiments showed that this recently isolated virulent 
strain could bo inhibited by penicillin if the inocula wero small 
enough (tablo H). If tlie inoculum wero too large or tlie dose of 


Tabus H t 

Penicillinase-like effect of large inocula of a recently isolated strain of 
M. tuberculosis bominis [ virulent strain O ) 


Inoculum (mg ) 

Penicillin (units per c.c ) 

Growth 

Penicillin at end of expt 
(time in days in brackets) 

1 

60 

+ + + 

None (7) 

0 01 


+ + + 

Nano (23) 

0 01 

10 

+ 4* 

None (23) 

0 01 

60 


6 units per c.c. (23) 


penicillin too small the penicillin was destroyed and growth occurred. 
An inoculum of 0'01 mg. in 5 c.e. of medium was inhibited by SO units 
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per c.c. over a period of four weeks. The next experiment (table III) 
demonstrated that the R 607 strain grew so rapidly and destroyed 

Table III 


Penicillinase-like effect of small inocula of a laboratory strain of 
M. tuberculosis hominis ( avirulent strain R 607) 


Inoculum (mg.) 

Penicillin 
(units per c.c.) 

Growth 

Penicillin at end of expt. 
(time in days in brackets) 

0-1 

50 

+ + + 

None (2) 

0-001 

50 

+ + + 

None (4) 

0-0001 

50 

+ + 

None (4) 

0-00001 

' 50 

+ + 

None (4) 

0-00001 

500 

+ + 

None (5) 


penicillin so effectively that even, 0-00001 mg. would grow in the 
presence of 500 units per c.c. Under the conditions of test it is 
therefore an insensitive organism. 


Discussion 


In its natural habitat the tubercle bacillus is an obligate parasite 
which on isolation from its host requires a complex medium. The 
nutritional needs of the organism are not exactly known, but it is 
possible by repeated subculture to make a particular strain grow 
first on less rich material and later on a simple medium of known 
composition such as Long’s medium. These laboratory strains have 
been much used for experimental work because of their rapid gront i 
and because standardised media could be used, but the relation 
between their properties and those of the naturally occurring orms 
is not known. Although conclusions drawn from such experiments 
are usually assumed by implication to apply also to the wild orni, 
this may be quite untrue — a limitation of in-vitro wor t on 1 
tubercle bacillus admitted by Wells and Long (1932). Because . 
nutritional needs are not identical in all laboratory strains 
reaction to chemotherapy may also differ from that of parasi ic s m 
In two recent papers Youmans (1944) endeavours to show ion 
same chemicals may act differently on two different ® ra ^ orc j 0 
stresses the need for an accurate in-vitro method of testing e ^ )0 

bacillus against possible growth inhibitors— a view in accor yj ug 

evidence in this paper that experimental tests on the tu ere e 


may be difficult to evaluate. , w the 

All the experiments on penicillin and tubercle bac . . the 

other workers quoted have the foffowing cbaractens ics 
inoculum is large (0-1-1-0 mg., or a “loopful ) ,{) assegg the 
are laboratory strains ; (3) no attempt is made ei er ^ . fflen t 
penicillin content of the cultures during or at the en 0 (The 

or to renew the penicillin during the course of the exp 
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Oxford workers are excepted. They used an old laboratory strain 
and a heavy inoculum, and they renewed the penicillin every two 
1 days in the test cultures, which contained 0-4, 4-0 or 40-0 units per 
c.c. My observations with R 007 show that oven this procedure 
might not maintain an inhibitory level in the cultures.) The effect 
of penicillin on recently isolated strains is probably determined by 
the size of the inoculum, but an old laboratory strain like R 607 is 
apparently too active a penicillin destroyer to be sensitive even with 
so small an inoculum as 0-00001 mg., whereas a recently isolated 
strain is inhibited if 0-01 mg. is tested against 50 units per o.c. It 
has been reported for other organisms that the size of the inoculum 
can effect the action of penicillin (Herrell, 1945). It appears that 
in becoming adapted to simpler nutrients the organism has also 
become more resistant to penicillin, possible because it produces a 
penicillinase-like substance. With other bacteria it is recognised that 
sensitivity to penicillin does not bear a direct relation to penicillinase 
formation. This is probably the same for the tubercle bacillus, 
because the sensitive strain used in the present investigation can 
destroy penicillin if the inoculum is big enough (1-0 mg. against 
50 units per c.c.). The ability to destroy penicillin may not be the 
only reason for the insensitivity of R 607. - 

Conclusion 

With penicillin (as with sulphonamides according to Youmans) 
it is essential when testing the tubercle bacillus to use recently isolated 
virulent strains and measured small inocula. These criteria would 
make in-vitro experiments more difficult, but would give a more 
reliable estimate of the capabilities of the drug. The slide culture 
method is a suitable one and has the advantage of giving quick 
results. It has the drawback of being more elaborate and requiring 
strict chemical cleanliness as well as asepsis for success. Also it cannot 
as yet be used with media of known composition, and complex media 
may contain substances which react with the compound being tested. 
This is not necessarily a disadvantage, however, because any antiseptic 
must eventually be used in the tissues, where neutralising factors also 
exist. For this reason laked blood is perhaps the best medium (as 
used by both Pryce and Mullor), but I have found a watery extract 
of an egg medium to be more reliable. • 


Summary 

1. Recently isolated strains of M. tuberculosis hominis were found 
to be inhibited by penicillin at strengths of 20-80 units per c.c. ; the 
effect appeared to be bacteriostatic. 

2. An avirulent laboratory strain was not inhibited ; indeed it 
destroyed the penicillin. 
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3. The difference between these results and those of other workers 
appears to be due to differences in technique and the strains used. 

4. The requirements of in-vitro methods for testing M. tuberculosis 
are briefly discussed. 

I should like to thank Sir Alexander Fleming, Dr D. M. Pryce and the staff 
of my laboratory at Harefield Hospital for their help. 


* Postscript 

The results recorded by Ungar and Muggleton (1946), which I 
saw before publication, stress again the need for a careful study of 
the factors affecting the in-vitro growth of M. tuberculosis. Their 
work was done with a different technique and so is not directly 
comparable with mine. They used a laboratory strain growing on a 
synthetic medium with a large inoculum, and in the second set of 
experiments chemically pure penicillin in a weaker eonceatiatm. 
Their results also disagree with those of the other workers quoted. 
The subject requires further elucidation. 
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THE EFFECT OF PENICILLIN ON THE GROWTH 
OF HU MAN TYPE M. TUBERCULOSIS 

J. TJnoar and P. Muoqleton 
/ Glaxo Laboratories Ltd., Greenford, Middlesex 

About three years ago we observed that the addition of small amounts 
of penicillin to growing cultures of jlf. tuberculosis appeared to 
increase the rate and extent of growth. At that time it could not he 
determined if this was an effect of the penicillin or of unknown faotors 
present in the penicillin as impurities. When pure penicillin became 
available it was decided to reinvestigate the matter more folly. 

In a preliminary experiment two culture media were used, liver extract 
broth and a modification of Long’s syntliotio medium, the composition of the 
media being as follows : — 

Inver extract broth 

Potato extract ...... 500 ml. 

Li\er extract ...... 25 „ 

Mix, steam for 30 minutes, filter and add : — 

Hartley’s broth ...... 500 ml. 

Glycerol ....... 25 „ 

Adjust to pH 7 2, bottle and sterilise by autoclaving. 

Liver extract 

Fat-free ox liver ..... 454 g. 

Tap water ...... 1000 ml. 

Mix, render just acid to litmus, steam for two hours, filter through paper 
and sterilise by intermittent steaming. 

Potato extract 

Potatoes (minced) . . . . 4*5 kg. 

Tap water . . . . .10 01. 

Clean and mince the potatoes, place in a muslin bag and suspend m water 
overnight at room temperature, remove the^bng and decant the supernatant 
fluid, filter and bottle , sterilise by intermittent steaming. 

Si/nthetic medium 


Glycerol .... 



50 0 g. 

Sodium citrate 



6-0 „ 

Asparagine 



6*0 „ 

Glycine .... 



4 0 „ 

KH,P 04 



2 0 „ 

Ammonium chloride . 



1 0 „ 

MgS0 4 .7H,0 . 



0-50 „ 

Ferrous ammonium citrate . 



0 05 „ 

Guanidine HC1 (2*2 per cent. aq. sol.) . 


5-00 ml. 

Distilled water to 



1000 „ 
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The containers -were screw-capped 4-oz. bottles (“ medical flats ”), each of 
which contained 50 ml. of medium. The penicillin used was a T.R.C. preparation 
having a potency of 248 units per mg. 

Penicillin dissolved in distilled water was added at two levels, 1-0 and 6-0 
units per ml. of medium, and for each level six bottles were used. We purposely 
chose these two levels of penicillin, which are the optimal likely to be achieved 
in the blood of patients during penicillin treatment. Three bottles were left ns 
controls without penicillin. 

All bottles were inoculated with a virulent human type (strain 418) of 
M. tuberculosis by floating on the surface of the medium a small piece (about 
2 mm. diameter) of primary culture 28 days old from liquid medium and wero 
then incubated at 37° C. At intervals a small sample of medium was with- 
drawn, and, after assay, further penicillin was added when necessary to bring 
it up to the original concentration. 

Aiter three weeks the cultures were examined and the amount of growth 
recorded (table I). Cultures showing a heavy folded felt completely covering tho 

Table I 


Effect of 5 units and 1 unit of penicillin per ml. on growth 


• 

Penicillin 

added 

Culture no. 

Mean lute 

1 

2 

3 

* 

B 

6 

Liver broth . 

5-0 u./ml. 

4-0 

4-0 

4-0 

4-0 

3-0 

4-0 

3-83 


X-0 u./ml. 

3-0 

3-0 

4-0 

4-0 

S 

4-0 

3-60 


Nil 

2-0 

1-5 

S 


... 

... 

1-75 

Synthetic modium . 

5-0 u./ml. 

4-0 

4-0 

3-0 

4-0 

3-0 

3-5 

3-58 


1-0 u./ml. 

2-5 

4-0 

4-0 

4-0 

4-0 

3-0 

3*oB 


Nil 

3-0 

1-5 

2-0 


... 

**• 

2-17 


S = culture sank ; not included in mean. 


surface of the medium were given the index 4-0 ; those with felt covering t ® 
surface completely but not so heavily 3 - 0 ; those with the surface just co\er 
with an even pellicle 2-0 ; those with spreading growth but incomplete covering 
of the medium surface 1*0. ' 


The results having confirmed our previous observation, ' v0 
decided to carry out a more comprehensive experiment and a so 
to determine whether the effect should be ascribed to penic" n or 

to impurities. . i. 

For this purpose two samples of Na penicillin were used . a s 
penicillin having a potency of 590 u./mg. and pure pemcimn 
a potency of 1650 u./mg. These samples were added to bot , tfJe3 
the synthetic medium of the same composition as before, re 
being used for each level. 


Group 1. 
Group 2. 
Group 3. 
Group 4. 
Group 5. 


Control medium ; no addition of penicillin. 

Penicillin 590 units/mg. ; 5-0 units per ml. of media 
Penicillin 590 units/mg. ; Id) unit per ml. of medium- 
Penicillin 1650 units/mg. ; 5-0 units per ml. of mecu 
Penicillin 1650 units/mg . ; 1-0 unit per ml. of mediu 
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Group 6. Penicillin 690 units/mg. ; (equivalent to 6*0 units per ml.) 

inactivated with B. subtilis penicillinase. 

Group 7. Penicillinase control (same concentration of enzyme as in 
group 6). 

These containers were inoculated with strain 418 and incubated 
at 37° C. At 48-hour intervals the medium was sampled, assayed for 
penicillin and brought up to the original potency as necessary. 

Three weeks after inoculation the results were recorded in a fashion 
similar to that adopted previously and photographic records were 
made. The cultures were then dispersed in the medium by shaking, 
filtered off, “ dried ” by suction on a Buchner funnel for ten minutes 
and weighed. The results are shown in table U. 


Table II 

Weight and macroscopic growth of the cultures 
under influence of penicillin 


Group 

Tenlclllln added 

Culture no. 

Mean Index 

Weight of growth 
<E.) 

1 

2 

D 

4 

5 

1 

NU 

2-0 

1-0 

1*6 

10 

2-0 

1-6 (1-00) 


2 


3*0 

3-0 

5*0 

6*0 

4*0 

4*0 (2*67) 


3 

u./mg. 1 1 -o u./ml. 

6-0 

6-0 

6-0 

3-0 

6*0 

4-6 (3-07) 

Hrinv jrjf 'H 

4 


4-0 

6-0 

5-0 

6 0 

6-0 

4-8 (3*20) 

HtZiX ! ¥~t i ■ 

5 


6-0 

■ Cl 

6-0 

6-0 

6-0 

nTuciMi 

i^dix Mi 

0 

As 2 but inactivated 

2-0 

2-0 

■ Cl 

0-5 

1-0 


IdiT 

7 

Penicillase control 

2-0 

0-5 

1 

2-0 

2-0 

1-9 (1-27) 

2-8 (1*22) 


Any growth observed in this experiment heavier than that 
previously given the index 4*0 was recorded as 6*0. 

Por comparative purposes the figures shown in brackets wore 
calculated as multiples of the figure for the control. There is very 
good agreement between the figures obtained by visual examination 
and by weighing the cultures (correlation coefficient —0-98, P <0*001). 

Since much the same increase of growth was obtained with the 
690 unit penicillin and the pure salt, it would appear that the effect 
can be ascribed to penicillin and not to impurities. This view is con- 
firmed by the observation that groups 6 and 7 showed no appreciable 
increase or decrease in growth. 

We have recorded these observations not because they have any 
bearing on the therapeutic use of penicillin, but as being of possible 
interest in connection with the biology of M. tuberculosis. 

Hand’s (1946) findings, which we had the opportunity of seeing 
before publication, are not in direct contradiction to ours, because 
Iiis experiments were performed under quite different conditions with 
a difforent medium and technique of growth, shorter incubation period 
and much higher doses of impure penicillin. 
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Summary 

The addition of small amounts of penicillin to two media used for 
culture of ill. tuberculosis results in an increased growth of the 
organism. The effect appears to be due to penicillin itself and not to . 
impurities. 

The work described in this paper was carried out as part of a programmo 
of the Therapeutic Research Corporation of Great Britain Ltd., to which 
acknowledgments are made. 
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OBSERVATIONS ON EXPERIMENTAL 
AMMONIUM CHLORIDE ACIDOSIS 

A. D. Telford Govan and J. Parkes 

From the Department of Pathology, University of Birmingham , and the 
Department of Biochemistry, Queen Elizabeth Hospital, Birmingham 


(Plates LXXX-LXXXII) 

A considerable volume of work has recently been done in an attempt 
to determine the cause of the very similar renal lesions found in 
“ crush injury ”, incompatible transfusion and certain cases of 
pyloric stenosis. The strict localisation of the tubular damage in 
these conditions has suggested a common cause, and one of the main 
theories is that expressed by Dunn, Gillespie and Niven (1941), who 
maintain that the necrosis is due to acidification processes taking 
place in the distal part of the nephron. This idea is based mainly 
on the similar explanations given for the necrosis resulting from the 
administration of uric acid (Dunn and Poison, 1926), oxalates (Dunn, 
Haworth and Jones, 1924) and phosphates (McFarlane, 1941). The 
presence of various pigments in some of the clinical conditions 
mentioned has led other investigators to modify this theory. Bywaters 
and Stead (1944-46) found that myohremoglobin administered to rabbits 
excreting an acid urine caused ursemia. Similar effects produced by 
haemoglobin were reported by Baker and Dodds (1925). Ammonium 
chloride was the substance used to induce excretion of an acid urine. 
It seemed desirable, therefore, to 6 tudy the effect of acidosis per se on 
the kidney, using ammonium chloride for this purpose. 

Experimentai. methods 

Preliminary experiments indicated that the desired toxic dose lay somewhet© 
between 0*5 and 1*0 g. of ammonium chloride per kilo of body weight. In at] 
14 rabbits from various sources were used. These were placed in simple uriii© 
cages and fed on wet bran and oats for a stabilising period of one week. Two 
hundred ml. of water were used to wet the food and the animals usually con. 
sumed at least half of the food supplied daily. Urine was collected daily for the 
estimation of urea, chlorides, phosphates, ammonia and pH, and daily tests 
were made for albumin. Blood was withdrawn from an ear vein twice during 
this period for the estimation of urea, chlorides, phosphates, lipoids, ammonia 
COj-comhining power and pH. 

At the end of a week the animals were divided into three groups. Group A 
(6 animals) received 0*5 g., group B (G animals) 0*76 g. and group C (2 animals) 
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1-0 g. of ammonium chloride in 20 per cent, solution per kilo by stomach tubo 
daily. Urinary and blood examinations were made as in the pro-experimental 
period. 

Chemical methods. The urinary and blood urea values were estimated by 
the hypobromite and mease methods respectively. Volhard’s method was used 
to determine the urinary and blood chlorides. Kuttner and Lichtenstein’s 
(1930) technique was adapted for the estimation of urinary and blood phosphates. 
Urinary ammonia and plasma ammonia levels were found by the common 
aeration method. The pTL of both mine and plasma was calculated electro- 
metrically using a quinhydrone electrode. The usual van Slyke manometric 
method was employed to calculate the plasma C0 2 -eonibining power. A 
Buseh-Riickert hcemolipocrit, previously tested against the ordinary chemical 
extraction method, was used to estimate the plasma lipoids. 

Histological methods. Material for microscopic examination was fixed in 
formalin and in alcohol. Sections were stained with hmmatoxylin and eosin, 
Masson’s triehrome method, Dunn’s aniline blue orange G method, Gomori's 
method for alkaline phosphatase, Best’s carmine stain for glycogen and Sudan IV. 

Results 

During the stabilising period the animals appeared to be healthy. 
The urinary volume was high and there was a slight rise in the output 
■of urea and a more' marked increase in the phosphate excretion. In 
most cases the - urinary pH fell progressively and in every animal 
when the figure fell below 6 albumin appeared in the urine. Blood 
urea figures were at the upper limit of normal. No change could be 
found in the plasma chlorides, phosphates, lipoids, ammonia, C0 2 - 
combining power or pH. 

Group A. Six animals receiving 0-5 g. ammonium chloride per Ido 

Animals 1-5, These animals were lulled on the 5th day of the 
experiment : the sixth died on the 10th day. The first five anima ’ 
appeared to be healthy throughout the experiment hut had a decrease 
appetite. There was an increased output of water and urea ut m 
phosphates were diminished. The urinary pH fell progressive}, 11 
on the 4th day it tended to rise and in two animals it passe 
neutral point. Blood urea values were raised, but rarey aror 
70 mg. per 100 c.c. A marked fall in CCL-combining power 0 7 

plasma occurred and the plasma pH was slightly reduce - 
change could be detected in the blood phosphorus or ammonia e ^ 
The plasma lipoids were around 200 mg. per 100 c.c. e fflorg 
of course some increase in blood chlorides. Table I gives i - um 
striking average values before and after administration o amt 
chloride. Some of the detailed changes in anima are 

All animals were lulled on the 5th day of the experiment 
by a blow on the back of the neck. The heart appeare areas 0 f 
but the lungs showed occasional depressed and eonge» j] je 

collapse and a few pleural petechias. There was some p 
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Table X 

Animals (6) receiving 0*6 g. ammonium chloride per^kilo 



Urine (volume) 

Urea output 

Fhospliate output 

Blood urea 

CO, -combining 
power 



2 

1 

2 

1 

2 

i 

2 

1 

2 

1 


105 

1-01 

1 8 

230 

105 

35 

72 

35 0 

16 

2 

103 

130 

1-27 

2 3 

180 

87 

37 

88' 

30*0 

14 

■n 


43 

2 5 

1*4 

288 

79 

40 

GG 

38-5 

13 


38 

64 

1-35 

1 8 

160 

128 

38 

64 

37 0 

14 


■a 

09 

1*1 

1 G 

109 

95 

40 

52 

3G-5 

15 


1 = before, 2 ■*= after administration of ammonium chloride. 





Fia. 1. — Graphs illustrating the effect on animal 4 of administering 0 6 g. ammonium 
chloride per kilo for 4 days. The animal was killed on the 6th day. 
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liver but no change could be seen in the spleen. The kidneys were 
rather swollen and congested and the cut surface showed that the 
congestion was most marked in the outer cortex and medulla. At 
the junction of inner cortex and outer medulla there was a faint 
zone of pallor. No significant change could be seon in the brain. 

Histology (animals 1-5). Material was taken from the kidneys, 
lungs, liver, brain and spleen and both paraffin and frozen sections 
were prepared. Lungs. Areas of patchy collapse were present and in 
association with most of these were numerous fat emboli. A few tiny 
infarcts were present in rabbit 4, but they were absent in the other 
animals. The bronchi in all animals appeared to be irregularly 
dilated. Inver. In two animals (1 and 2) there was a hydropic change 
in some of the liver cells. The cytoplasm was flocculated into a foir 
largo cloudy granules and the cell boundaries were unusually distinct. 
There was no sign of fatty degeneration. In the other animals the 
liver was normal. Spleen. Apart from some congestion of the pulp 
this organ was normal. Brain. In one animal there were occasional 
small fat emboli in the cortical vessels. No sign of Boftening could he 
seen. Kidneys. The cortical veins were widely distended. Marked 
dilatation of the glomerular capillaries was also present but no 
pathological change could he seen in this region. The proximal 
convoluted tubules showed marked catarrh and the cells wore some- 
what vacuolated. There was pronounced dilatation of the remainder 
of the nephron including the narrow limbs of Henle. The cells of the 
broad ascending limbs and collecting tubules wore flattened and in 
a few of the ascending limbs occasional necrotic cells with pyknotic 
nuclei could be seen. There was no sign of cast formation apart 
from occasional traces of albuminoid material obviously arising from 


degeneration of the tubular epithelium. 

Animal 6. The sixth animal of this group began to loso condition 
about the 6th day of ammonium chloride administration. P r ° m ® 
5th day its appetite diminished progressively and during to as 
72 hours of life it starved itself voluntarily. Prior to the Jy 
its appetite had been increased. It lost weight and on tho 
it became drowsy, showed a tendency to fall over and soon )CC( * 
comatose and died. Despite the starvation the urinary voumo 
maintained except on the 5th day,, when it failed to pass ? rm -°' crca5 Q 
urea output followed the water excretion fairly closely, o m ^ 
of phosphate output occurred in the first few days but i n ^ 
decrease later. Urinary ammonia was increased to 25 mg- P ^ 
but tho pH remained low till the end. There was inc ^ asc y| lC 
urea, which just before death reached 120 mg. P er vo lum« 
COo-combining power of the plasma was reduced, to . a - e d 
per cent, and the plasma pH to 6-92. Plasma lipoids ^ cr0 . cs a 
to 400 mg. and ammonia to 1-29 mg. per 100 c.c. 't S* 
picture for comparison with animal no. 4 (fig. !)• - n t j lff 

Post-mortem appearances were very similar to os 
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other animals' of this group. The renal changes were rather more 
striking. The faint zone of pallor noted before was more pronounced 
and tended to bulge from the surface as a distinct band. 

Histology. Lungs . The changes were similar to those in the other 
members of group A. Areas of collapse with surrounding compensatory 
emphysema were common. Fat emboli were fairly numerous and 
large. Many of the vessels were thrombosed and others contained 
immense numbers of polymorphonuclear leucocytes, a largo proportion 





Fio. 2 .— Graphs illustrating the effect on animal 6 of administering 0*6 g. ammonium 
chloride per kilo for 9 days. This animal died on the 10th day. 


of which were eosinophils. Liver. In some of the lobules the cells 
showed pyknotio ohanges, most marked in the central zones. The 
remainder of the hepatic tissue appeared to be normal. Spleen. The 
sinusoids were dilated and congested. Pigmented phagocytes wore 
present in considerable numbers. Brain. Small softenings were 
present in many parts of the brain, with thrombosis of tho associated 
vessels. No signs of fat emboli could be seen. Kidneys. The glomeruli 
were uniformly congested but otherwise normal. The first convoluted 
tubules showed vacuolation of the epithelium and in a few cells the 
nuclei were undergoing karyolytic changes. More marked degeneration 
was noted in the ascending limbs, the broad segments of wliioh 
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showed striking disintegration of the cytoplasm, with pyknotic and 
karyolytic degeneration of the nuclei. Large casts staining strongly 
with eosin were found in many of the second convoluted tubules and 
in these the normal epithelium was replaced by a thin layer of cells 
with hyperchromatic nuclei. 

Group B. Six ariimals receiving 0-75 g. ammonium chloride per kilo 

Four died on the 4th day of the experimental period, a fifth 
animal (no. 11) was moribund and was killed on the same day by a 
light blow on the back of the neck. The sixth animal died on the 
5th day. All animals exhibited similar signs. A few hours after the 
last dose of ammonium chloride they became stuporose. The fore 
limbs tended to splay out and eventually became flaccid. Their heads 
turned to one side, and they repeatedly fell over to the same side. 
Breathing was irregular and deep. Two animals had minor convulsions 
but the others lay quietly'’. They finally became comatose and died 
within sixteen hours. During the experimental period their appetite 
was diminished. The output of urine was maintained and little change 
could be seen in the urea excretion, which was high. The phosphate 
excretion was diminished. There was a fall in urinary pH but this 
was not so marked as in group A, and towards the end there was a 
distinct rise, in most cases above the neutral point. In all animals 
the blood urea rose and the final figure varied between 120 and 
170 mg. per 100 c.c. The plasma C0 2 -combining power showed a 
greater diminution than in group A, usually to 10 or 11 volumes 
per cent., and the plasma pH fell below 7. No change could be found 
in the plasma phosphorus but the ammonia rose to very high levels, 
reaching 14 mg. per 100 c.c. in one case. ' Plasma lipoids were increase , 
the figure ranging from 500 to 600 mg. per 100 c.c. Blood chlorides 
were high, almost 700 mg. Table II gives the average values of to 
more important constituents before and after administration o 
ammonium chloride. Fig. 3 shows the detailed changes in no. 9. 

Table II 


Animals (6) receiving 0*75 g. ammonium chloride per kilo 


\ No. 

Urine (volume) 

Urinary urea 

Urinary 

phosphate 

Blood urea 

Plasm 

combini 

aCCV 

Dg power 

1 

2 

i 

2 

1 

2 

1 

O 

i 

n 

7 

8 

9 

10 

11 

12 

140 

no 

89 

74 

94 

75 

130 

105 

65 

49 

94 

64 

1-6 

1-5 

1-1 

1-7 

1-4 

1-7 

1 - 9 

2 - 7 
1-1 
1-3 

1 - 7 

2 - 0 

160-0 

180-0 

92-0 

104-0 

176-0 

126-3 

72-0 

85-0 

60-0 

55-0 

98-0 

162-6 

43 

42 

46 

47 

45 

45 

173 

165 

169 
171 

170 
112 

3S-0 

37-0 

30-0 

37-5 

35-0 

3S-0 

11-3 

] 2'2 

10-5 

no 

10-0 

10-0 


1 = before, 2 = after administration -of ammonium chloride 
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The changes post mortem were very similar to those observed in 
group A. Tiie lungs showed patches of collapse surrounded by areas 
of emphysema. No abnormality could be seen in the heart. There 
was some pallor of the liver but the spleen appeared to he normal. 
In the kidneys the narrow zone of pallor observed in the outer medulla 





Tia 3 — Graphs illustrating the effect on animal 9 of administering 0 76 g ammonium 
clilondo per kilo for 3 days The animal died on the 4th day. 

in group A was very marked (fig. 4) and was much broader. The 
remainder of the renal substance was much congested. No particular 
change could be seen in the brain except in no. 11. In this animal 
there was extensive subarachnoid htemorrhage, presumably due to the 
blow on the back of the neck. 

Histology. Lungs. Areas of collapse with many fat emboli were 
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common (fig. 5) and there was emphysema of the adjacent lung 
substance. Small masses of fat could also he seen in some of the 
peribronchial lymph nodes. The bronchi showed irregular dilatation. 
Liver. All the vessels were congested, especially the central veins. 
Hydropic degeneration of the liver cells was marked (fig. 6). Brain. 
A few tiny softenings were present in the cerebrum but there was no 
evidence that fat embolism was the cause. Some of the capillaries 
were thrombosed. In no. 11 the surface vessels were much congested 
but, apart from this, no evidence of the cause of the subarachnoid 
haemorrhage could be seen. Kidneys. There was marked congestion 
of the outer cortex and outer medulla, but between them, in the zone 
containing the broad ascending limbs of Henle, the vessels were 
empty. The glomeruli were congested but appeared to be otherwise 
normal. Catarrhal changes were present in the first part of the 
proximal convoluted tubule but no gross change could be seen until 
the lower part of the straight portion of this tubule was reached. 
Here most of the cells were greatly swollen and in process of dis- 
integration and their nuclei showed karyolysis. The narrow limbs of 
Henle were dilated and also showed necrosis in many parts. Advanced 
necrotic changes were present in the broad ascending limbs. In many 
instances the epithelial cells had disappeared, while in others pyknotic 
nuclei indicated an earlier phase (figs. 7 and 8). A few showed 
polymorph infiltration of the basement membrane. In some of the 
collecting tubules and ducts of Bellini there were necrotic epithelial 
cells, whilst others contained colloid casts. 

Group C. Two animals receiving 1-0 g. ammonium chloride per kilo 

Both these animals died less than sixteen hours later, and owing 
to the short interval no significant figures are available for the 
biochemical changes. . 

The post-mortem and histological changes were exactly simi ar 
to those found in group B, except that in the kidney the necrosis was 
confined to the broad ascending limbs of Henle (fig. 9)- 


Discussion 

There are few relevant references in the literature to the pathologica 
action of ammonium chloride. Markert (1933) records expenmen 
on healthy human subjects and on those with spontaneous re 
lesions. Healthy subjects received 0-1-0-2 g. per kilo a 1 ) 

5-8 days. Acidosis developed, the urinary acidity rose an 
COo-combining power of the plasma fell. There was * n int * . - a 
output of ammonia, urea and chloride. Albuminuria an • 

appeared and the urine contained casts. Haldane (1921) ma e 
ments on himself by taking ammonium chloride, but , e 

smaller than that administered by Markert and al g 
developed there was apparently no albuminuria. 
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Ammonium cuwmiDr acidosis 



Fjo 4 — Kidney of imimnt 0, group B Tho palo /one ot the junction of corto'c nnd 
medulla is dourly shown 
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Plate LXXXI 


Ammonium chloride acidosis 



Fio. 0. — Section of li\er of animal 7, group B, showing clumping of cytoplasm into 
coarse granules (hydropic degeneration) and increased definition of cell membranes, 
H. and E. X 100. 



Fig. 7. — Section of kidney from animal S, group B, showing diffuse degenerative 
changes in the ascending and descending tubules. H. and E. X 100. 
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Before discussing the results of the present experiment it is 
obviously necessary to separate the results in the five animals of 
group A from the remainder. Most of the chemical changes in these 
five animals are similar to those seen after therapeutic doses of 
ammonium ohloride. For example the urinary volumo and urea 
output are increased. The decrease in phosphate excretion appears 
to be related to the decreased intake of food. This is suggested by 
comparison of the results in these five animals with those of the sixth 
animal, which had an increased appetite and an increased output of 
phosphate in the first few days of tlio experiment. The blood urea 
figures are raised, but since there is practically no renal damage tills 
increase may well be due to conversion of the ammonia radicle of 
the ingested salt to urea. 

The chemical and pathological changes in animal 6 are very 
similar to thoso found in group B, but it is more than likely that its 
death was hastened by starvation. In group B the blood urea is 
markedly increased and this, combined with the tubular necrosis in 
the kidneys, suggests that the death of these animals is directly duo 
to nephritis, though the biochemical changes aro not typical. The 
highest blood urea figure is 173 mg. per 100 c.c., and while this is 
certainly a notable increase, it is not comparable with figuros obtained 
with other nephropathic agents. Dunn and Poison in their studies 
of uric acid nephritis record anuria or oliguria in their animals, with 
blood urea figures ranging from 300 to 600 mg. per 100 c.c. Similar 
results were found by Dunn, Howarth and Jones in experimental 
oxalate nephritis. The relatively low blood urea values in the present 
series might be due to failure of the liver to complete the deamination 
process, but it is significant that the urinary volume and urea output 
were maintained at a high level. Dunn and Poison were of the 
opinion that the high blood urea and oliguria in experimental nephrosis 
were due to increased reabsorption from the damaged tubules. 

One of two conclusions might be drawn from the present 
experiments : either (a) ammonium chloride in some way increases 
the output of fluid, wliioh washes out the urea, or (b) Dunn and Poison’s 
conclusions are wrong, and in other experimental nephroses the 
glomerular filtrate is reduced. Dunn and Jones (1925), however, 
have shown that, in oxalate nephritis at least, an increased fluid 
intake will diminish the blood urea by increasing tlio renal excretion. 
It seems reasonable to suggest that in the present series of experiments 
the relatively low blood urea figures are due, in part at least, to 
maintenance of urinary output and that this is probably associated 
with the liigh chloride excretion. 

The cause of the renal lesion would appear to be acidosis. An 
acid urine is an abnormality in the rabbit and in tbe present experi- 
ment a trace of albumin appeared in the urine whenever the pH fell 
below 6. This necessarily means renal dysfunction, and results 
obtained by injecting myohsemoglobin (Bywaters and Stead) and 
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haemoglobin. (Baker and Dodds) after administering ammonium 
chloride cannot be entirely attributed to the pigment concerned. It. 
is surprising that this reaction of the rabbit kidney to mild acidosis 
has not been noted before. Apart from this, the above experiments 
seem to show that the distal nephron of the rabbit kidney is adversely 
affected by acid substances, but it is curious that the urinary pH 
in group A is frequently lower than that in group B and yet the 
lesions are more marked in the group B animals. 1 

Necrosis due to a transient change in pH followed by an inability 
to excrete acid might be a possible explanation and it is significant 
that the urinary pH rose in animals of group B two or tlireo days 
before death, although the blood acidosis continued. One other 
possibility may be considered. Estimation of the plasma ammonia 
shows that it is greatly increased in group B, reselling 14 mg. per 
100 c.c. in one animal. Ammonia is notoriously toxic in tho blood 
and is usually rapidly converted into urea. Much of the accumulated 
ammonia may have come from the ingested salt and, since Svedberg, 
Maddock and Drury (1938) have shown that in the rabbit tho liver is 
the sole source of urea, it would suggest either that the rabbit liver 
is unable to deal with such large quantities of ammonia or that the 
liver is damaged by the acidosis. In either case there is evidence of 
a considerable degree of ammonia intoxication and this may bo the 
cause of the renal lesions. There is no direct evidence of this, however, 
whereas it has been shown that lowering the pH' of the urine bv 
administering an acid-producing diet injures the kidney and causes 
albuminuria. 

Finally, it is remarkable to find fat “ emboli ” in acidosis. There 
have been reports from time to time of apparent intravascu at 
formation of fat emboli, among them that of Ogilvio (1932), v ! ° 
found them in the kidneys and lungs in experimental m _ erc '|y 
nephritis. Two factors seem to us to be especially significant m 
connection. First, there seems no reason to doubt that the a ® 
the emboli is derived from the plasma fat, which is increased in a ™ 0UI ! 
Secondly, the emboli are found in the lungs in our animals an m 
kidneys and lungs in Ogilvie’s experiments. These organs arc 
site of the most marked fluctuations in pH and it seems reason ^ 
to suggest that the emboli are formed in situ by floccu a ion 
plasma fat at some particular hydrogen ion concentration.^ ^ ._ 
accumulations of fat might be better termed fat ‘ throm n • 
important to note that the reaction of the lungs to ® 
vascular obstruction is collapse and not infarction. 

Summary . ^ ^ 

1. Tho administration to rabbits of 0 •5-1-0 g. ammoniunt ^ 
per ldlo causes necrosis of renal tubular epithelium wi 1 - 
death of the animal. 
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Fso. 8. — High-potver vimv of broad amending limbs of Henlo in animal 8. Note 
advanced necrose. H. and E. X 450. 



Fits. 9. — Cross section of ascending limbs of HenJo in kidney from animal 13, group C. 
3fnny of the cells show pyknatic nuclei attd in. others thero is karyolysis and 
fragmentation of the cytoplasm. H. and E. X 390. 
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2. The necrosis is found mainly in the distal portion of the rabbit 
nephron, but there is evidence to show that the proximal part is also 
affected. 

3. Fat emboli have been observed in the lungs of animals dying 
after ammonium chloride administration. 
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DISSEMINATED PARENCHYMATOUS OSSIFICATION 
IN THE LUNGS IN ASSOCIATION WITH MITRAL 
STENOSIS 


A. Elkeles and L. E. Glynn 

From the Department of Morbid Anatomy, University College 
Hospital Medical School, London 

(Plates LXXXIII-LXXXV) 


Since Aschoff bodies have been recognised as a specific lesion, it has 
been shown that rheumatic manifestations are not confined to tho 
heart and joints only, but that submiliary rheumatic nodules can bo 
found in fibrous tissue in various parts of the body. Aschoff (1904) 
had already observed these rheumatic nodules to bo situated in tho 
neighbourhood of the smaller and medium sized vessels and in close 
relationship to .their adventitia. Ho often found the vascular walls 
to bo affected, the lesion being comparable to that of polyarteritis 
nodosa. Later investigations by VonGlahn and Pappenheimor (1920), 
Paul (1927), Karsner and Bayless (1933-34) and others have shown tho 
frequent involvement of the coronary and pulmonary arteries and 
their branches. According to Boyd (1944), rheumatic aortitis occurs 
in most cases of rheumatic heart disease and Pappealieimer and 
VonGlalm (1923-24) found, in long-standing cases of rheumatic 
valvular disease, well marked scars in the aorta near tho nutrient 
vessels. 

Typical Aschoff bodies were described in the lungs by Fraser (1930) 
and Gouley (1938), an observation not confirmed by other investigators. 
These divergent findings may perhaps be explained by tho difficulty 
in detecting Aschoff bodies or similar lesions in a loosely knit tissue 
like the lung and in particular during the stages of consolidation and 
widespread mononuclear infiltration in rheumatic pneumonia. In tho 
chronic stage, however, when rheumatic consolidation is absent, 
lesions resembling Aschoff nodes may be found in the lungs. Hadfield 
(1938) made a detailed study of the macroscopic and histological 
changes in the rheumatic lung and found the primary changes to 
be strictly confined to the regions of gaseous exchange. The character- 
istic features are a fibrinous, almost acellular alveolitis, followed somo 
days later by infiltration of mononuclear cells. Tho alveolar ducts 
are wide open and prominent, and lined by a hyaline eosinophil 
membrane. Most of the alveolar duets contain an exudate which is 
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probably albuminous in composition, while the infiltration by mono- 
nuclear cells constitutes a mesenchymal phagocytic reaction. The 
exudate in the alveolar ducts, in undergoing fibroblastic replacement, 
results in what has been regarded as interstitial fibrosis. 

From these observations it may be concluded that rheumatic 
manifestations occur in the lungs which are at least characteristic if 
not specific. These changes are not directly dependent on mitral 
stenosis or passive congestion, since they have been observed also in 
the acute and subacute stages of rheumatic fever (Gouley and Elman, 
1932 ; Masson, Riopelle and Martin, 1937 ; Epstein and Greenspan, 
1941 ; Neubuerger, Geever and Rutledge, 1944). 

In recent years a few isolated cases of long-standing mitral stenosis 
have been reported in which roentgenograms of the chest shoved 
disseminated calcified pulmonary nodules. These on post-mortem 
examination proved to consist of bone and showed no evidence of 
tuberculous infection. The first description correlating the two 
conditions was given by Salinger (1932). Since then several reports 
in Continental and American literature have appeared (Janker, 1938; 
Gross, 1938 ; Manzini, 1938 ; Munk, 1939 ; Wells and Dunlap, 1913, 
Grishman and Kane, 1945). As far as we can ascertain no such CM 
has as yet been reported in this country, but as Grishman and Kane 
have been able to publish no fewer than 8 personal cases the condition 
does not appear to he so rare as the paucity of the case reports mould 
seem to indicate. 

A typical example of this remarkable association has been observed 
by us and in the following account the radiological diagnosis of the 
pulmonary lesions and some aspects of their possible pathogen^ 3 
will be discussed. 

Casa report 

T, W., male, 32 years, had “ growing pains ” when 16 years of ago nn -*^ 
that time valvular disease of the heart was diagnosed. Clinically t no p« 
showed the typical picture of mitral stenosis with auricular fibn a ^ 
cardiac failure. Roentgenoscopio and roentgonographic examirm ' on 0 ^ 

chest on 20.2.44 confirmed the clinical diagnosis of mitral stenosis wi 1 0< ' 
passivo pulmonary congestion. Besides these common rntliologicn 
numerous densely opaque nodules of pinhead to small pea sizo were 
in both lung fields. The lesions were predominant in the ri 8 ° Rn ,j 
particularly in its periphery, and less numerous in the right- mi ^ 
aubclavicular region. Similar lesions were present in the Je n P» w ij 
partly obscured by the gross enlargement of the heart, The no “ ^ R0 , 

defined nnd the larger were mulberry-like in shape. The jn 

involved. Tliere was widespread fibrosis and compensatory e 5 
both lungs (figs. 1 nnd 2). 


Summary of autopsy findings _ f&gs; 

A welt built, well nourished young man j no external mnrldnp 
moderately jaundiced ; slight pitting cedema of bo i cp > 
present ; moderate hypostatic congestion. . . hvP<'rtropb:''b 

Heart (57 0 g.) considerably enlarged; both ven nc Ugncarlis-' 3 ' 
especially the right ; both auricles dilated nnd hypertrop i 
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to. 1. — Radiograph of chestshowing mitral configuration of the heart Fio, 2. — The right lower lung field of fig. 1 at a higher 

with hilar congestion of the lungs, ami widespread nodular densities magnification, 

predominantly m tho right lower lung field 
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myocardium and endocardium normal. Mitral cusps thickened nnd fused, 
■with largo calcified nodular masses on thoir auricular surface ; chordae much 
thickened ; valve orifices stenosod. Aortic cusps thickened, slightly calcified 
and slightly incompotent. Tricuspid ring dilated and valvo opparcntly in- 
competent, Coronary arteries and aorta only slightly atheromatous ; aorta 
relatively narrow. 

Lungs (rt. 1240 g.. It. 920 g.). Approximately 200 ml. of cloudy browiUBh 
fluid in each pleural cavity. Denso fibrous adhesions over most of loft uppor 
lobe ; scattered adhesions over right lung. Severe brown induration of both 
lungs ; two small infarcts in right lower lobo and one in loft costophronic region ; 
thrombus in corresponding arteries. Frothy fluid in air passages. Innumerable 
calcified nodules 2-5 mm. in diameter scattered throughout both lungs hut 
predominantly in the lower lobes. A few calcified nodules in tho viscoral ploura. 
Hilar glands swollen and cedematous but not calcified. 

Liver (1550 g.) very firm and tough; surface finely granular, lobular 
pattern accentuated by passive congestion ; slightly bile stained. Gall bladder 
distended with dark fluid bile. Ducts and pancreas normal. Spleen (270 g.) 
swollen, firm and congested. Kidneys swollen, firm and congested ; pelves, 
ureters, bladder and prostate normal. Alimentary canal normal ; peritoneum 
normal. Thyroid nnd adrenals normal. 

Microscopical examination 

The spleen and kidneys show severe passive congestion. Tho 
liver, in addition to centrilobular congestion, has developed a 
considerable increase of poorly cellular fibrous tissue in both centri- 
lobular and periportai areas. The extension of the fibrous tissue of 
the portal tracts has produced a certain degree of perilobular cirrhosis. 
No significant changes aro observed in tho myocardium. 

The lungs are passively congested, tho alveolar walls thickened 
by capillary engorgement and an increase of mononuclear cells. 
Several alveoli and groups of alveoli are consolidated by closely 
packed “ heart failure ” cells rich in hremosiderin. A well marked 
interstitial fibrosis is present but only in patches (fig. 3). Severe 
degenerative and inflammatory changes are present in tho smaller 
pulmonary vessels. In arteries 0-1-2-0 mm. in external diameter, two 
types of chango are seen, (1) small atheromatous plaques composed 
of foamy cells, and (2) severe fibrinoid medial necrosis with destruction 
of the elastica, including the internal elastic lamina. The intima 
corresponding to the areas of medial necrosis is remarkably thiokened 
by fibrocellular tissue containing capillary spaces, and the adventitia 
is moderately infiltrated with lymphocytes and polymorphs (fig. 4). 
The vasa vasorum in the adventitia of the larger of these small arteries 
have also undergone some degree of obliterative endarteritis. In none 
of these severely injured vessels do tho changes appear to be secondary 
to thrombosis and no hsemosiderin is detected in tho intimal granulation 
tissue. In fact, tho only thrombi found are in apparently healthy 
pulmonary vessels. Throughout the lungs several of the arterioles 
of about 100 p. external diameter show 11 onion skin ” thickening of 
the wali resulting from endothelial cell proliferation. 

The bony particles within the lungs are of the woven type and all 
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except the largest are free from marrow spaces. The bone h 
nowhere interstitial in position but fills one alveolus or a group 
of alveolar spaces and 'their corresponding alveolar duct (fig. 5). 
That the framework of the lung is incorporated in the developing 
bone is clearly demonstrated by elastic staining, which shows Hip 
continuity of the elastic tissue of the lung with that in the bone 
(fig. 6). No iron is present in the osseous tissue. 

Apart from typical bone, intra-alveolar acellular materiel 
resembling osseous ground substance is also present in somo area* 
(fig. 7). That this peculiar intra-alveolar material constitutes the 
precursor of the true bone found elsewhere in the lung is suggested 
by the presence of similar material forming a cap to somo of the 
projections of the bony structures themselves. 


Discussion 


The above-described pulmonary changes in mitral stenosis arc of 
practical importance. Pulmonary tuberculosis is a common complica- 
tion of congenital heart disease, but is only rarely met with in mitral 
stenosis. It would seem likely that in at least somo cases of mitral 
stenosis miliary shadows in the lungs have been wrongly interpret'd 
as due to tuberculosis, when in fact they were caused by the so-calle. 
miliary type of pulmonary congestion in mitral stenosis and particularly 
by the above-described osseous lesions. There is evidence in tic 
literature of such cases having been sent unnecessarily for prolong' 


sanatorium treatment. 

Disseminated more or less opaque nodules in the lungs may occur 
in silicosis, sarcoidosis, the leukaemias, Hodgkin’s diseaso and jm? 
angitis carcinomatosa. Other widespread non-tuberculous no o * 
densities may result from fungus infections and recent!) a ® 
(1945) has pointed out that infection with Histopjasina 
may be a cause of pulmonary calcification. A similar X-ray pic 
may also be produced by “ pulmonary hmmosiderosis , m . 
lung tissues contain a large amount of the radiopaque 
a condition so far observed in children only (Anspach, 19. )• ^ 

The history, clinical course and various examinations m oi > ^ 

produced no evidence that any of these conditions was req 
for the pulmonary changes. Tuberculosis, the most (0 p, 

of pulmonary calcification, was the only remaining con i 1 
seriously considered in the differential diagnosis, an ^ m ^ ^ 
radiographic appearance of the lungs showed great rC'C 
calcified miliary tuberculosis. The principal difference 0 ’ j o? ; c 
in the distribution of the nodules. In chronic miliar) ” ® ^ 
lesions are more or less uniformly spread over o 1 j" c ,j on U 
including the apices, irrespective of whether the P nn ^^, 
intra- or extrapulmonary. In our case and in those P rc ' 1 ( j‘ on ,in 3 Jidy 
in the literature the pulmonary nodules are situa c p 
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Pulmonary ossification 



Fio 3 — Section of lung showing a patch of interstitial fibrosis. Wcigert’s luemntovyhn and 
van Gieson. x 28, 



Fio. 4 ~~A small artery in longitudinal section, showing fibrinoid medial necrosis, considerable 
mtimal thickening and some histiocyte adi entitmJ infiltration H. and E. x 90. 
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in. the lower lung fields, becoming less numerous in thoir extension 
upwards and tbo apices themselves are not involved. Ko evidence 
of any active or inactive parent lesion could bo detected. A radiological 
diagnosis of non-tuberculous calcified nodules in mitral Btonosis was 
made. 

So far there is no satisfactory explanation of the genesis of these 
bony nodules. Bone formation in the lungs has often been found 
in healed tuberculous lesions. Branching spicules of bone in the 
fibrous framework of the lung are occasionally mot with, hut almost 
exclusively in old men. Ilaust (1929) considers this to bo the result 
of metaplasia secondary to senile changes in the perivascular 
connective tissue. Circumscribed intra-alveolar bony nodules have 
been found only in relatively young people with mitral stenosis. 
Previous authors have attempted to correlate their occurrence with 
the long-standing passivo congestion of the lungB in these oases. This 
explanation is not convincing, since oases have been observed in which 
no clinical or radiological evidence of pulmonary congestion was 
present (Gross ; Grishman and Kane). Moreover, no cases of ossified 
nodules in the lungs have been reported in chronic passivo congestion 
due to other causes than rheumatic valvular disease. This emphasises 
the relationship of the bony lesions to rhoumatic fever. The following 
additional observations may he adduced in support of this conception. 

In Wells and Dunlap’s case, and especially in our own, intra- 
puhnonary vascular changes wore present which have been described 
as characteristic of rhoumatic arteritis. Patches of interstitial fibrosis 
with loss of elastic fibrils seen in our case indicate previous interstitial 
pneumonia, and are a common finding in rheumatic pneumonia. 
According to Hadfield the specific rheumatic lesion in the lungs is a 
peculiar fibrinous and acellular exudation into the alveolar ducts and 
associated alveoli. The bony lesions found in this type of pulmonary 
ossification involve the same characteristic lung unit. It is therefore 
suggested that nodular pulmonary ossification associated with mitral 
stenosis may be the late result of specific rheumatic pneumonia. 
The preservation of the elastic framework of the lung within the 
bony structure suggests that the process of ossification arises by 
organisation of intra-alveolar exudate. Since ossification has not 
been described as a feature of ordinary organised pneumonia, it is 
suggested that there is a specific quality in the exudate in these 
cases, which finds confirmation in Hadfield’s description of the peculiar 
nature of the exudate in the acute and subacute stages of rheumatic 
pneumonia. 

Summary 

1. Attention is directed to the occurrence of disseminated paren- 
chymatous ossification in the lungs in mitral stenosis. The X-ray 
appearances seem to be characteristic, since the oases reported in the 
literature as well as our own case show the nodular opacities to be 
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situated predominantly in the lower lung fields and not to involve 
the apices. 

2. Histological examination of the lungs shows that the nodular 
opacities consist of woven bone. The intra-alveolar distribution of 
the bone and the preservation of the elastic tissue within the osseous 
foci are emphasised. 

3. Rheumatic manifestations in the lungs have also been found, 
and it is suggested that pulmonary ossification in mitral stenosis is 
not, as hitherto believed, the product of long-standingpassive congestion 
but the late result of rheumatic pneumonia. 
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Fio. 5, — A nodule of intra-alveolar pulmonary Fig. 7. — Amorphous calcified material almost 
ossification. H. and E. X25. filling a lung alveolus. H. andE. X330. 

•'X 



Fio. 6. — The same nodule stained for elastic fibres to show the preservation of the inter- 
alveolar elastic fibres within the bone substance. Weigert'a elastic stain. X 40. 
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BIOCHEMICAL INVESTIGATIONS IN LIVER 
DISEASE : SOME CORRELATIONS WITH 
HEPATIC HISTOLOGY 

Sheila P, V, Sherlock, Beit Memorial Research Fellow 

From the Departments of Medicine and Pathology, 

British Postgraduate Medical School, London 

(Plates LXXXVI-LXXXVni) 

The use of biochemical methods in the clinical investigation of liver 
disoase is indicated for two purposes, (1) to arrive at an accurate 
diagnosis and (2) to estimate the severity of tho liver damage. The 
rationale for tho various methods employed has hitherto been based 
on evidence provided by animal experiment or on records of cases of 
liver disease which have been verified at operation or necropsy. 
Assessment solely by clinical methods is often fallacious. An important 
approach to the evaluation of liver function tests is by comparing 
the results obtained with the histological picture in the liver. The 
appearance of the liver cells in soction cannot of course bo identified 
with, the vital functions of these units. Visible changes in the cell 
do not represent specific disturbances of function. However, until 
the establishment of a method capable of directly estimating the 
workings of human liver cells in vitro, morbid histology would seem 
to be a reasonable index to the value of a liver function test. In this 
paper, liver diseases have been divided into four main groups : — 
acute hepatitis, cirrhosis, obstructive jaundice and miscellaneous, and 
the histological picture of the liver is compared with the results of 
some commonly used biochemical investigations. 

Methods 

Liver tissue was obtained by a modification of tho aspiration liver biopsy 
techniquo of Iversen and Roholm (1930). The method, its risks and applicability, 
have been described elsewhere (Sherlock, 1945). In a few instances, material 
obtained at necropsy or operation was used. These latter sources may bo 
unreliable. Even before death glycogen usually disappears from the liver cells, 
and post-mortem autolytic changes proceed rapidly (van Beelc and Haex, 1943). 
Necropsy often takes place some time after the performance of the liver function 
test. Material obtained by surgical exposure of tho liver is subject to tho 
effects of trauma and anesthesia. Moreover, the interpretation of histological 
changes in small samples from the extreme liver edge is often difficult. Aspira- 
tion liver biopsy can be done in close time-relation to tho liver function test 
523 
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and fixation of the material is immediate. In some cases the progress of the 
disease was studied by comparison of sections obtained by serial biopsies with 
serial biochemical studies. 

Biochemical methods 

The estimations carried out were v the serum bilirubin, alkaline phosphatase 
and total serum cholesterol, together with the total and differential scrum 
proteins. The intravenous test of hippuric acid synthesis and the intravenous 
galactose test were also done. Obviously, all these investigations and the liver 
biopsy cannot be performed on the same day : however, it is possible to completo 
them all in three days. All measurements of time have been reckoned from 
the second day of investigation, on which the biopsy was always made. 

Serum bilirubin was estimated by the method of Haslewood and King 
(1937). The upper limit of serum bilirubin in normal subjects was taken as 
1 mg./lOO ml. 

Serum alkaline phosphatase was determined by the method of King and 
Armstrong (1934). The normal range is 3-7-13-1 units/100 ml. Most results 
lie between 5 and 10 units, and 10 units was taken as the upper limit of normal. 

Serum cholesterol was estimated by a modified Liebermann-Burchard reaction 
(Sackett, 1925). Normal serum cholesterol is 120-230 mg./lOO ml. 

Serum proteins. Total serum protein, serum albumin and serum globulin 
were estimated by a nesslerisation method (King et al., 1937, 1942). The normal 
ranges are : — total serum proteins 6-8 g., serum albumin 3-4-6-0 g., serum 
globulin 1 -6-3-0 g./lOO ml., and the albumin-globulin ratio 1-3/4. 

Intravenous galactose tolerance test. Galactose was prepared and sterilised 
according to the technique of King, Harrison and Delory (1940) : 0-5 g. (1 ml. 
of a 50 per cent, solution) per kg. body weight was injected intravenously into 
the fasting subject. No toxic effects occurred. The samples, consisting o 
0-2 ml. of capillary blood, were washed into the requisite amounts of isotonic 
sodium sulphate and sodium tungstate. They were taken before injection, an 
at £, 1, 1£ and 2 hours afterwards. Analysis was by the method of King an 
Aitken (1940). In 40 out of 41 subjects without liver disease the gaaccse 
had disappeared from the blood within two hours. This 2-hour elimination is 
a suitable normal standard for general clinical use but, as it makes no distmc io^ 
between the various types of normal curve, for purposes of compare™' 
modification of the “ galactose time ” introduced by Barnes and KhjS ' 
was adopted to express the difference between normal and pathologies es 

ax 

Galactose time = rr 

, (a-b) 

where a = 30 min. value for blood galactose, . f om the 

6 = last figure for blood galactose before complete elimination 

blood, and <,o or J20 

x — 30, 60 or 90 minutes, according to whether b is tne , 

minute blood galactose value. ^ 10 

The galactose time expresses the rate of disappearance of galactose 
blood in minutes. It approximates to an average rate of remova o resu ]j s _ 
from the blood and has proved a satisfactory mode of expression 0 q’he 

In 41 normal subjects the mean galactose time was 61 (range oge 
interval between the samples makes it impossible to recor a . g® ‘ ^ 0 f 
less than' 30 minutes. Further statistical treatment worn e 

little use. nloved was that 

Intravenous hippuric acid synthesis test. The method emp ^ injected 
of Quick et al. (1938) : 1-77 g. sodium benzoate in solution floid by 

intravenously and the subsequent hour’s urine analysed o * c ] earanC e test 
the method of Weichselbaum and Probstein (1938-39). A 111 0 f normal ; 
was run in parallel with each test and always exceeded 80 per 
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there was no azotosmia. The urino volume during the test period was greater 
than 60 ml. The normal range for excretion was 1*21*0*75 g. hippuric acid 
expressed ns sodium benzoate (Sherlock, 1940). 

Ment ion of significant differences indicates that the data concerned have been 
subjected to statistical analysis. 

Clinical material 

In all, 187 patients with diseases involving the liver have been studied. 
They have been simply grouped under four main headings. 

(1) Acute hepatitis (84 cases). This group includes simple infectious hepatitis 
(21 cases), jaundice following the injection of icterogcnic mumps convalescent 
serum or plasma infusions (9 cases), and jaundice occurring during the course 
of arsenical therapy for syphilis (54 cases). Apart from tho incubation period 
and the history of arsenotherapy or injection of a presumably icterogcnic 
serum, it is impossible to distinguish theso tiireo types clinical^ or histologically. 
The essential lesion is an acute inflammation with varying degrees of cell 
necrosis. According to tho site of maximum change, zonal, diffuse or mixed 
diffuse and zonal types can bo distinguished. Residual portal fibrotic lesions 
can also be recognised. These types blend into each other (Dible et al,, 1943). 
For the purpose of comparing tho histological changes with the chemical findings 
it has been convenient to group tho material according to the extent of liver 
cell damage, t.c. to tho probable percentage of surviving hepatic cells (table I). 


Table I 

Histological grading of 84 cases of acute hepatitis 


Grade 

rrobablc percentage or 
surviving liver cells 

No. of cases - 

A 


20 

B 

50-75 

30 

c 

25.50 

14 

X) 

less than 25 

5 


The grading was done with numbered slides, the patients’ names and the results 
of the various tests being at the time unknown. The grading was done by 
one person and the percentages quoted aro only approximate. Examples are 
illustrated (figs. 1-4). 

(2) Cirrhosis of the liver (26 cases). In accordance with modem terminology 
(de Josselin de Jong, 1931 ; Moon, 1932), cirrhosis of tho liver has been applied 
to clirome diffuse liver disease with fibrosis, retrogressive parenchymal changes 
and regeneration of surviving cells {fig. 5). Instances of the latent type in 
which coll damage is minimal and the histological emphasis is on bands of 
mature fibrous tissue disrupting tho normal architecture of the liver have 
been recognised (fig. 6). Recovered hepatitis with residual fibrous strands in 
the true anatomical portal tracts without disturbance of the essential hepatic 
architecture ore not included (fig. 7). 

(3) Obstructive jaundice (49 cases). In every instance there was complete 
obstruction to the common bile duet, confirmed at operation or autopsy. 
Pathological changes in the liver follow rapidly on occlusion of tho common 
bilo duct. The pertinent literature has been thoroughly reviewed by Cameron 
and Oakley (1932). In this series conspicuous liver changes were noted in 
every case. Bile pigment was present in the canaliculi, especially centrolobularly. 
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sometimes precipitated to form the so-called “bile thrombi”. Focal bile- 
stained necroses, usually in relation to the periphery of the lobules, were also 
seen. There was an increase of fibrous tissue in the portal tracts, with pro- 
liferation of bile ducts. Disorganisation of liver architecture and massive 
damage to liver cells was a later feature. Some of these changes are illustrated 
(figs. 8 and 9). 

4. Miscellaneous diseases. These included a wide variety of conditions in 
which there is liver involvement — hemolytic jaundice (6 cases), hydatid cyst of 
liver (4 cases), kala azar (3 eases), involvement of liver in secondary neoplasms 
without production of jaundice (6 cases), amyloid disease of liver (4 cases), 
and single examples of Gaucher’s disease, leuco-erythroblastic an&mia, histiocytic 
medullary reticulosis, amoebic abscess of liver and convalescent Weil’s disease. 


Results 

The results of the complete series are shown in table II. 

(1) Acute hepatitis 
The acute icteric stage 

Serum bilirubin levels correlated well with the severity of the 
liver lesion. As damage to liver cells increases, so the mean serum 
bilirubin of the group rises. The wide range and large standard 
deviation in each group illustrate the variation from case to case. 
The statement, therefore, can only be a general one. It is, however, 
true that a serum bilirubin of more than 10 mg./lOO ml. is usually 
associated with one of the severer grades of liver damage. Of 26 
cases of histological grade “ A ” only one had a higher level. e 
reverse, namely, that a low bilirubin is associated with mild liver 
damage, is usually but not invariably true. . . 

Serum phosphatase. In all grades there was a moderate rise in 
serum phosphatase, but in only 4 of the 84 patients with acute hepa ns 
did the level exceed 30 units/100 ml. (fig- 10)- contrast o 0 
serum bilirubin, there was no -significant difference between 
means for the various grades of histological severity. Consequen 
a positive correlation between serum bilirubin and phosphatase c o 
not be established. jn 

Serum cholesterol in 39 patients was within the norma range. ^ 
14 others the level was above the upper normal limit of 230 mg./ 

There was no significant difference between the mean serum c o e 
for the various histological grades. _ was 

Serum proteins. The mean total serum protein for c 
6-04, that is, about the lower limit of normal. . The seru ™_ , nce 
serum globulin and the A/G ratio also fell within the no j eg 

Comparison of the serum proteins in the various “ s , 0 | severe 
of hepatitis shows a significant difference between e geve re 

(A and B) and the more severe (C and D) grades, n e ^min 

grades the total serum protein level was lower and e showed 

more reduced. The cases in the group of maximal seventy < / 
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Biochemistry of liver disease 



Fio. 5 — Activo cirrhosis. M. T., aged 40. Serum bilirubin 9*2 mg., serum phosphatase 
19 units, serum cholesterol 212 mg , total scrum proteins 6*7 g., serum albumin 
2 6 mg , serum globulin 4*1 g., all per 100 ml A/G ratio 0-G4. Galactose time 
108 minutes. Hippuric acid excretion 0*4 g. Best’s carmine stain. X 100. 



Fio. G —Latent inactive cirrhosis. A. C., aged 32. Serum bilirubin 0*5 mg., serum 
phosphatase 4 units, total scrum proteins G*8 g., serum albumin 4*8 g„ serum 
globulin 2*0 g., all per 100 ml. A/G ratio 2*4. Galactose time 33 minutes. 
Hippuric acid evcretion 1*05 g. Best’s carmine stain. x65. 
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significant hyperglobulimemia and a reversal of the A/G ratio. The 
only 3 fatal cases were in this group, and all had serum albumin ( 
levels of 3 g./lOO ml. or less. Apart from one ease, a very under- 
nourished old woman, levels of serum albumin of 3 g. or less were 
encountered only in the severe histological grades of hepatitis. 

Galactose time. In 15 of 49 pationts examined, galactose tolerance 

O Obstructive- TAvncUcc. 

• ftcut*. HcfftVtVtf, 



Fio. 10. — Serum bilirubin and phosphatase in acute hepatitis and obstructive jaundice. 


was better than the mean value for normal subjects. Subdivision 
of cases of hepatitis into varying degrees of histological severity 
shows that the cases with normal tolerance usually fall into the grade 
with the least degree of liver cell damage. There is a progressive 
increase of galactose time with increasing histological severity of 
hepatitis. 

Bippuric acid synthesis. In 10 of 40 patients examined, the 
results of the test were within normal limits. A close correlation 
could not be established between the severity of the hepatitis and the 
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standard error of mean* t ** range. 
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excretion of hippuric acid. In grade A the mean hippuric acid 
excretion falls within normal limits (0-9 g.). - The severer grades (B, 
0 and D) show much lower means. These grades, however, in spite 
of the increasing extent of liver cell necrosis, do not show decreasing 
hippuric acid excretion. In fact, there is no significant difference 
between the mean values in grades B, C and D. A basic low level 
(0-45-0'6) exists in the severer forms of hepatitis, and excretion does 
not often fall below this, however severe the liver damage. 


Changes during recovery from acute hepatitis 

Serum bilirubin. Patients were rarely admitted to hospital during 
the pre-icteric phase ; the disease, moreover, is usually of limited 
duration, and the trend of the bilirubin readings is downward. Tbo 
levels recorded during the first week in hospital are usually the 
highest. In only 3 out of 30 cases did serial serum bilirubins show 
an increase of jaundice after this period. In these 30 patients the 
serum bilirubin was followed at intervals of not more than seven days 
until a level below 2 mg./lOO ml. was reached. The bilirubin of all 
the cases of minimum histological severity (grade A) fell to below 
2 mg. in less than 3 weeks. The more severe cases took longer. There 
was a correlation between the time required and the initial histological 
severity of the hepatitis. Similarly, the cases with the highest initial 
serum bilirubin took the longest time to reach 2 mg./lOO ml. (fig. H)- 
The correlation coefficient between the maximum bilirubin and the 
duration of bilirubinacmia is 0-7 for 30 cases. This is statistica y 
significant. The bilirubin level does not show a constant rate of a 
as recovery proceeds. The initial fall is very rapid, especially offl 
the higher figures ; the eventual fall to normal is slower. That ie 
serum bilirubin may remain slightly elevated (1-2 mg./100 ml.) or a 
week or two after apparent clinical recovery does not h^P) ^ 
development of a subacute or chronic hepatic lesion. 16 
histology is nearly always normal in these instances and t ie exce 

bilirubinsemia soon disappears. . ,. f 

Serum 'phosphatase did not show the steady fall charac ris i 
serum bilirubin. In 19 'of 30 patients with acute hepatitis, e £ ® 
phosphatase fluctuated during the recovery period and a 01 JS er 
was required to reach a normal level than that needed f°^ e ® ^ 

bilirubin. When the serum bilirubin had reached 2 mg./ 
only 10 out of 30 cases was serum phosphatase as low as 
On discharge from hospital 12 cases still showed a rais ° erm jtted 
phosphatase. In the 7 cases in which circumstances P ^ 
observation of the level over the succeeding twelve ra ^ 

eventually returned to normal values. In general, ® P ^ ^ 

whom initial histological damage to the liver was grea rgj ier e 
longest time for the serum phosphatase to reach nor , , atas0 

, however, exceptions to this rule. The slowly fa g P 


were 
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imu 


io 8 — Obstructive jaundice. Bile-stained 
necroses tit periphery of lobule. Increased 
fibrous tissue and bile duct proliferation in 
n portal tract. O. D., aged 47. Jaundiced 
37 days Scrum bilirubin 15 mg., serum 
phosphatase 49 units, serum cholesterol 
372 mg., all per 100 ml. Galactose tune 
47 minutes. Hippunc acid excretion 0’2 g. 

Best’s carmine stain, x 85. 


Fio. 9 — Obstructive jaundice. Early biliary 
cirrhosis. W. B., aged 37. Jaundiced 100 
days. Serum bilirubin 12 5 mg., serum phos- 
phatase 33 units, scrum cholesterol 25G mg., 
total serum protein G*4 g , serum albumin 
3*1 g., serum globulin 3-3 g., nil per 100 ml. 
A/G ratio 0 94. Galactose timo 102 minutes. 
Hippunc acid excretion 0 4 g. H and E. 
X GO. 
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■was not reflected in the progress of the histological recovery. In 14 
patients in whom the phosphataso varied during recovery a follow-up 
biopsy was performed during tlio recovery phase and the usual 
progress of rapid cellular restoration was confirmed. 

Serum cholesterol sometimes showed a rise during recovery, but 
this was inconstant. 



IO 20 30 40 SO 60 TO 

TIME TAKEN FOR BILIRUBIN TO REACH 2 mg./lOO ml. (days) 

Fio. 11. — Acute hepatitis: duration of bilirubimcmia (in days) contrasted with the 
maximum serum bilirubin recorded. 

Serum proteins. Although, as mentioned above, the serum 
proteins in .the acute stage were within normal limits, the actual 
divergence from normal for that particular group is shown when the 
values after recovery are estimated. This comparison was done in 
21 cases (table III). On recovery, the total serum protein did not 
alter significantly ; there was, however, a rise in serum albumin, a 
fall in serum globulin and a rise in the A/G ratio. These changes are 
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Table m 

The serum proteins before and after recovery 
in 21 cases of acute hepatitis 



Mean 
duration 
of jaundice 
(days) 

Total serum pro- 
tein (g./lOOml.) 

Serum albumin 
(g./lOO ml.) 

Serum globulin 
(g .1100 ml) 

A/G ratio 


Mean 

S.E. of 
mean 

Mean 

S.E. of 
mean 

Mean 

S.E. of 
me3n 

Mean 

SE. of 
mean 

Acute stage . 

12 

6-02 


3-41 

0-14 

2-6 

o-n 

1-31 


After recovery 

32 

6-51 

0-14 

4-25_ 

0-15 

2-25 

0-12 

1-9 



statistically significant though occurring within the wide normal range 
of values. 

Galactose tolerance is impaired more often in the first 14 days than 
later in the disease. The earlier the case is studied, the more likely 
is the galactose tolerance to be abnormal (fig. 12). In 13 cases in 



which it was initially abnormal the test was repeated a er, ^ ^ 

results seen in table TV. All had returned to normal in an av ®^ se 
13 days after the first test. In 10 cases, despite the norma ^ ^ 

tolerance, the serum bilirubin was still greater than ^ ^ 

In 9 of the cases a second liver biopsy was done at e 
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2-5 
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34 
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45 
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Hippuric acid synthesis. In 24 patients tlie hippuric acid excretion 
test, initially abnormal, was repeated after clinical recovery. In 19 
excretion bad returned to normal. In tbe other 5 the test was normal 
when a follow-up examination was made 3 months after discharge 
from hospital. In 15 cases, tests were performed at weekly intervals 
during tbe course of tbe illness (table V). The mean time taken for 
the hippuric acid excretion to rise from a low to a normal value was 
25 days (range 17-63). The patients whose livers showed the greatest- 
initial histological severity took the longest time to regain the normal 
power of synthesis. Return of normal hippuric acid synthesis, 
however, often followed 2-5 weeks after the liver had recovered its 



Fig. 13. — Acute hepatitis : relation between hippuric acid test and duration j 

normal histological appearance. There appeared to he n ®. ^ 

between the excretion of hippuric acid and the period o ja 


which the test was performed (fig. 13). 

(2) Hepatic cirrhosis 
Histologically inactive cirrhosis 

Serum bilirubin in all the 9 cases was less than 1 0 ' gcnffi \ 

Serum phosphatase. Four of the 9 paUen s s ° tbe c , n ly 
phosphatase of greater than 10 units/ 100 ml. In 
abnormality detected. , . , others 

Serum cholesterol. One patient showed a raise e 

were within normal limits. ^ ? were norm 8 * 5 

Serum proteins were estimated in 8 patien s • 
in the eighth the globulin was 3-3 and the A/Gr ra io 
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Qahctose tolerance was estimated in 8 patients. The sugar was 
eliminated from the blood during the test period, Tho highest galactose 
time was 72 minutes. 

Hippuric acid synthesis Was normal in 6 of 8 pationts. Tho other 
2 showed values only dightly below normal limits. 

Histologically active cirrhosis 

Serum bilirubin was moderately raised in all 17 patients. Tho « 
highest level recorded was 11-2 mg./lOO ml. In 12 of tho 17 patients 
the disease proved fatal during their stay in hospital. Tho height of 
tho serum bilirubin in these cases did not serve as a means of predicting 
the fatal outcome, nor was it correlated with tho extent of liver 
damage as seen by biopsy or at autopsy. Where multiple readings 
were available, fluctuations of about 3 mg./lOO ml. wore usually 
observed, and these did not correlate with changes in tho histological 
appearance of the liver or in the clinical eourso. 

Serum phosphatase was very variable : 13 of 16 patients showed a 
level above 10 units/100 ml., but only 1 was greater than 30 units/ 
100 ml. There was no correlation between tho degree of hepatic cell 
damage and the level of the phosphatase. 

Serum cholesterol was normal in 11 of tho 16 patients in whom it 
was estimated. In 4 there was a raised figure, and in 2 there was 
associated chronic alcoholism. Tho serum cholesterol could not bo 
compared with the extent of the hepatic lesion. 

Serum proteins. Of the 12 patients studied, all except 1 showed 
a normal total serum protein, level. (This was a man who had had a 
severe luematemesis 48 hours previously and who showed a very 
low level). In the other cases the components of tho serum protein 
had been greatly altered. Of the 11 cases, 9 had a serum albumin of 
less than 3-4 g /100 ml. and in 7 of them tho level was below 3 g. 
The disease proved quickly fatal in these 7 cases. Tho serum globulin 
in 10 of the II was greater than 3 g./lOO ml. and in 8 the value was 
greater than 4 g. There was a resulting change in the A/G ratio. 
In all 12 patients tho ratio was less than 1-3, and in 10 the ratio was 
reversed. 

Galactose tolerance. Nine of 10 pationts gave conspicuously abnormal 
results for the intravenous galactose tolerance test. The degree of 
impairment was in proportion to the extent of cell necrosis and in 
inverse ratio to tho extent of cell regeneration. 

Hippnnc acid synthesis was impaired in the 10 cases in which it 
was tested. The amount excreted did not correlate with the apparent 
extent of liver damage. 


(3) Obstructive jaundice 

Serum bilirubin. For purposes of comparison the serum bilirubin 
in patients with complicating gross biliary cirrhosis or widespread 
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liepatic metastases has been compared -with that found in cases in 
which the obstruction to the common bile duct was associated with 
minimal liver changes. Both groups were of approximately the same 
duration. The mean bilirubin in each group showed no significant 
difference. In 6 cases of unrelieved obstruction the bilirubin rose 
steadily for the first three weeks of jaundice ; the level then fluctuated, 
the trend being upward. 

Serum ■phosphatase was raised, In only 7 of the 49 cases did the 
level fall below 30 units/100 ml. (fig. 10). In the course of obstructive 
jaundice the level usually rises progressively. Table II (pp. 628 and 
529) is constructed from the first serum phosphatase of each patient 
recorded on admission to hospital. In 17 patients further readings 
were available during the course of the illness ; the mean rose from 
52 to 80 units/100 ml. (mean of highest values reached). 

The high serum phosphatase is present from a very early stage 
and does not reflect the secondary changes occurring in the liver. 
Progressive fiver damage in obstructive jaundice as revealed by 
serial hepatic biopsies does not influence the upward trend of the 
serum phosphatase during the course of the illness. The level is 
not significantly different where massive hepatic metastases are 
associated with the obstruction. Extreme cachexia does not influence 
the very 1 - high levels reached in the last stages of obstructive jaundice 
due to carcinoma. A positive correlation could not be established 
between serum bilirubin and serum phosphatase. 

Serum cholesterol was usually raised, but there was n )llC ! 
individual variation (table II) : 18 of 39 cases had levels less than 
260 mg./lOO ml. The serum cholesterol did not fall with increasing 
duration of obstruction. The level did not reflect the grade o 
associated hepatic changes. A statistically significant . corre a ion 
could not be established between serum- cholesterol and- either serum 
phosphatase or serum bilirubin. 

Serum protein. In 12 patients the mean total serum pro m 
low. This was attributed to the fall in albumin, the gl° _ 6 

almost unaltered. Of the 12 cases 7 had a serum albumin 0 . 

100 ml. or less. * The total serum protein and the serum a 
diminished with increasing duration of obstruction and cac exia.^^ 
Galactose tolerance was frequently, impaired. In 15 0 
of obstructive jaundice the galactose time was grea r ^ 
mean normal time. Galactose tolerance becomes more cou j ( j 
the duration of obstruction increases, Ko definite corre a i ^ 
be established between the galactose time and the duration 
However, 5 cases of obstruction which were not surgica y |- 0 p ov ,- e d 
and which showed initially a normal “ galactose time ’ 0 f all 

through the course of the illness. The galactose e 5 . een fhc 
eventually became impaired. There is little rela on 
level of the serum bilirubin and the galactose time. ^ patients 
llippuric acid synthesis was usually 7 impaired. 
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examined, 20 showed excretion below the lower limit of normal. 
Lower values wore not recorded in thoso with advanced hepatic 
changes. Tho lowest hippuric aoid excretion was found in potionts 
obstructed longest and with the doopest icterus. 

(4) Miscellaneous diseases involving the liver 

Tho bioohemical methods studied usually gave normal results. 
Exceptions were a raised scrum bilirubin in a case of amoebic abscess, 
a caso of Weil’s disease, and one of the six oases of hepatic secondary 
neoplasm. Serum phosphatase also was sometimes raised and values 
above normal were oncountorod in ammbie abscess, Weil’s disease and 
secondary malignant disease. The level was usually less than 
30 units/100 ml. Tho hippuric acid synthesis test gave variable 
results and could not be related to liver histology. 

Discussion 

Clinicians have long been dubious of the practical value of most 
of the laboratory aids used in the study of liver diseases. Tin's 
investigation of some of the more commonly used methods, correlated 
with the histological appearanco of tho liver, eupports this contention. 
Soffer (1938), in his comprehensive review of liver function tests, 
states that normal values do not exclude the prcsonco of kopatio 
disease. This is borne out by the present series. Ail types of liver 
disease— acute hopatitis, cirrhosis, both primary and that secondary 
to biliary tract disease, massive malignant motastases and oysts — 
have been associated with normal results for all tho tests studiod. 
The converse is not common. Tables YI and VII present a summarised 


Tabue VI 

The practical differential diagnostic value o] the laboratory 
methods described 


Diagnosis 

Scrum 

bWrutoiQ 

Bcnim 
phosphatase 
(unlti/100 ml ) 

Seram 

cholesterol 

Seram proteins 
(g /100 ml ) 

Galactose 

Umo 

Intravenous 
hippuric add 

(mg )100 to] ) 

(mg /JOO ml ) 

Total 

Albumin 

(minutes) 

tMt (E ) 

Acute 

hepatitis 

Useless 

Usually 
less than 30 

Usually 
less than 
30Q 

Useles-s 

Useless 

Useless 

I 

Cirrhosis 

active 

Usually 
lees than 
12 

•• 

>• 

<■ 

» 

Usually 

abnormal 

Usually 

abnormal 

Latent 

Usually 
less than 2 

■■ 

•• 



Usually 

normal 

Usually 

normal 

Obstructive 

jtnmdico 

Useless 

Usually 
greater 
than 30 

Useless 


»» 

Useless 

Useless 


30 BM. o* Titn — "or. j . yui 2 N 2 
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Table VII 


Phe practical value of the laboratory methods described in assessing 
the extent of the surviving liver tissue 


Diagnosis 

Serum 
bilirubin 
(mg./lOO ml.) 

Serum 
phosphatase 
(units/100 ml.) 

Serum 
cholesterol 
(mg./lOO ml.) 

Serum proteins i 
(g./lOO ml.) 

Galactose 

time 

Intmenra 


Total 

Albumin 

(minutes) 

add test fe) 

Acute 

hepatitis 

High values 
associated 
severe 
lesions 

Useless 

I 

Useless 

1 

Useless 

Usually 
less than 

3 in very 
severe 
lesions 

High 
values | 
in severe 
lesions 

Use!* ‘ 

Active 

cirrhosis 

Useless 

Useless 

i 

Useless 

Useless 

Usually 
less than 

3 in severe 
cases 

Correlates 
well with 
severity 
of lesion 

Useh-s t 

l 

1 


evaluation of the methods of investigation employed. Sections of the 
liver in acute hepatitis have proved most useful for grading the extent 
of parenchymal involvement. Fig. 14 shows the effect of the increasing 
hepatic damage on the mean results of the biochemical investigations. 
It has been compiled from table II. 

The bilirubinsemia of acute hepatitis is attributed to an intralobular 
obstruction to the excretion of bile. The liver cell columns with their 
intercellular bile canaliculi are disrupted and the surviving liver cel’ 
may be quantitatively inadequate to excrete the bile pigment broug 
to them in the blood stream (Dible et al., 1943). It is not surprising, 
therefore, that in the acute phase of hepatitis the height of the serum 
Toilirubin correlates well with the extent of the hepatic cell destruction. 
During this phase the reticular framework of the liver has usua J 
remained intact ; with recovery the liver cells fall into regular co un® 
and there is coincident restitution of the bile canaliculi. The spe 
histological recovery is such that the initial fall of serum bi 1 . 
very rapid (c/. figs. 4 and 7). The occurrence of a slight y ran^ 
serum bilirubin after complete histological and clinical recovery ^ 
be due to slow excretion of bilirubin, which may have been on 
tissue protein. The persistence of skin and conjunctival s ainm ^ 
clinical recovery is well known. It may also be in ue ^® aI)( j 
rise during recovery of the renal threshold for bihru in ( 

Stokes, 1945). _ . gever jty 

The serum phosphatase did not diminish with increasm ^ ^ 
of hepatitis. The liver, therefore, is not the main sour ^ 0 f 
increase in serum phosphatase found in jaundice. ie .; 0Da ] to 
Armstrong and King (1935) that the level might e ^ a t the 

the degree of liver damage and of Drill and Ivy ( j ]aS n ot 

phosphatase increase might be used to detect liver a 
been substantiated. The cause of the serum phosp a as 
during recovery is not known. • 



















BIOCHEMISTRY OF LITER DISEASE 5i» 

The serum cholesterol is affected by circumstances not directly 
related to tho livor, such as fever, cachexia and ‘starvation (Jones, 
1942). Moreover, tho vide normal rango of scrum oholesterol makes 
interpretation of small changes difficult. The measurement of the 
proportion of esterised to free cholesterol — a more constant figure in 
normal subjects — might have provided more useful information, hut 


TOTAL PROTEIN. 


GALACTOSE TIME., 


. H1PPURICACI0 EXCRETION. 


HISTOLOGICAL GRADE 

Fio. 14. — Acute hepatitis : biochemical changes vrith increasing hopatia cell damage. 

owing to pressure of work on the reduced war-time staff, this was not 
added to the number of tests already in use. In acute hepatitis the 
fall of cholesterol in the severe case suggested by Epstein (1937) was 
not observed. Thero was no variation between the mean of the 
different grades of severity. The estimation gave no useful diagnostic 
or prognostic information. 

In acute hepatitis the total serum protein usually falls within the 
normal rango. Sermh albumin is reduced in the more severe degrees 
of hiBtological damage, a fact in keeping with the known hepatic 
source of tho substance. Globulin also may have on extra-hepatic 
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origin (Sabin, 1939), and is not reduced to the same extent. A rise 
in globulin (United States Army Instruction, 1944) was rarely 
encountered. 

The failure of the galactose tolerance test to detect- lesser degrees 
of liver damage is well known (Soffer, 1935; Krarup, 1943; Drill 
and Ivy, 1944). The progressive increase of galactose time with 
increasing histological severity of hepatitis suggests that galactose 
tolerance is a true measure of liver function ; acute diffuse liver damage 
is, however, essential before tolerance is impaired. This may be 
explained by the histological picture of acute hepatitis. The surviving 
liver cells are seen to have a normal complement of glycogen and may 
retain their power of metabolising glycogen. It is not surprising, 
therefore, that tests of the carbohydrate functions of the liver run 
parallel with the percentage of surviving liver cells. Moreover, 
because of the great reserve power of the liver, the cases of mlnimsl 
histological severity will show little or no impairment of galactose 
tolerance. Liver damage in hepatitis is maximal early in the disease; 
therefore an impaired galactose tolerance test is encountered most 
often in the first 14 days of illness. The method is insensitive; 
therefore galactose tolerance returns to normal before histological 
recovery is complete. . 

The normal hippurie ' acid excretion in grade A hepatitis is 
associated with the minimal hepatic cell damage present, the main 
histological change being cellular accumulation in the portal tracts. 
The failure of the mean hippurie acid excretion to decrease wit 
increasing liver cell necrosis is unexpected. Moreover, in contoas 
to results of the galactose tolerance test, hippurie acid synthesis oe> 
not return to normal with complete structural recovery. These ac s 
suggest that the changes in hippurie acid synthesis in acute hepa i B 
are not dependent only on the liver. _ , 

Study of the findings in the series of acute hepatitis ^ cases > 
failed to reveal any biochemical distinction between 
infectious hepatitis and hepatitis following arsenotherapy 
parenteral administration of icterogenic sera. The arseno e 
cases have usually fallen into the severer histological gra es. 

Hepatic cirrhosis could not be detected in the absence 0 
liver cell destruction. It is in the inactive type, where re . ^ 
features are equivocal, that accurate diagnosis is csscn ia - ^ j } j 0 , 
cirrhosis usually presents an obvious clinical picture an ^ 
chemical abnormalities so constantly demonstrate ar 
confirmatory. . ,, p a ] an cc 

The bilirubineemia of cirrhosis is dependent, upon ^ bilirubin 
between liver cell necrosis and regeneration. A raise sc ™ ^ ^ y lVCT 
in cirrhosis indicates inadequately compensated des ruC ! ^ ( |„ c t 
cells or disruption of the normal lobular architecture a ^ 0 f yie. 
system, producing an intralobular obstruction to t e 6XC . sen ini 
The great regenerative capacity of the liver explains w 
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bilirubin in cirrhosis rarely rises above 12 mg./IOO nil. Tho mechanism 
of tho moderately raised serum phosphatase in acute cirrhosis cannot 
be explained in tho prosent state of knowledge. 

Alterations in the serum proteins in cirrhosis are well known 
(Grenet, 1807 ; Gilbert and Chiray, 1907 ; Tumon and Bookus, 1937). 
The changes show a similar pattern to those described for acute 
hepatitis. Total protein is normal, serum albumin low and sorum 
globulin raised. Tho changes in albumin and globulin arc much more 
consjiicuous than those seen in hepatitis, perhaps because of tho 
clironicity of tho condition. Post and Patelc (1942) beliovo that 
sorum albumin levels are of prognostic use. This has been confirmed, 
and scrum albumin levels correlate well with the extent of liver 
necrosis as seen in sections. 

Galactose tolerance was usually impaired in active cirrhosis and 
the extent of impairment could bo associated with tho severity of the 
underlying hepatic lesion. The test is time consuming and the results 
obtained give little information not obtained by the protein estimations. 
Hippuric acid synthesis also usually showed impairment but, as in 
acute hepatitis, the results could not bo correlated with the histological 
picture. 

Serum bilirubin, cholesterol and proteins and the galactose and 
hippuric acid tests were of little use in tho diagnosis of obstructive 
jaundico from acuto hepatitis and cirrhosis with jaundice. Tho raised 
serum phosphatase of obstructive jaundice (Roberts, 1930 ; Herbert, 
1935) has proved of practical diagnostic value. If an arbitrary level 
of 30 units/100 ml. is taken, most cases of hepatitis and cirrhosis show 
levels less than this, and most cases of obstructive jaundice fall 
above it. The occasional exception is a patient with obstructive 
jaundico whose serum phosphatase is less than 30. It is stated that 
serum cholesterol is raised in obstructive jaundico (Flint, 1802 ; 
Epstein and Greenspan, 1930), but in the present aeries this proved 
a much less constant finding than the increase in phosphatase. 
However, a serum cholesterol level of moro than 300 mg,/100 ml. is 
unusual in jaundice other than that due to obstruction of the 
common bile duct. 

The serum protein changes in obstructive jaundice did not show 
the pattern described for primary parenchymatous jaundice. Total 
serum protein and serum albumin were low, but tho globulin showed 
no increase. The changes are probably due more to the poor general 
condition of the patients than to the secondary changes in the liver. 
This probably applies also to the hippuric acid synthesis test (Sherlock, 
1946), tho results of which did not correlate well with the extent of the 
hepatic lesions, Although the high incidence of abnormal galactose 
tolerance in obstructive jaundice prevented the diagnostic use of tho 
method, there was good correlation between the length of the galactose 
time and the extent of tho underlying hepatic lesion. Galactose 
tolerance alone of the methods used reflected these secondary ohanges 
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and can be used as a pre-operative index of the extent of hepatic 
involvement in obstructive jaundice. 

In the miscellaneous group results were usually within normal 
limits. This is not surprising, as the liver is involved either focally 
or by abnormal portal tract and sinusoidal cell accumulations. The 
reserve power of the liver is not impaired. 

The more laboratory investigations are multiplied, the greater 
likelihood is there of a biochemical deficiency being demonstrated. 
To the clinician, anxious to make a diagnosis and to assess prognosis, 
this type of “ shotgun ” investigation may well add to the confusion 
rather than give a clear-cut answer. Many of the theories of liver 


function are based on the results of animal experiment. In man, 
conditions are much more complex. Dehydration, cachexia, fever 
and renal disease are frequent accompaniments of human hepatic 
disease. An uncomplicated hepatic lesion is rare. Of the estimations 
studied, only the serum phosphatase and the intravenous galactose 
tolerance test seem free from changes brought about by these non- 
hepatic factors. Before final judgment can be passed on the usefulness 
of these laboratory aids, much more information is needed of their 
exact relation to hepatic damage in man. In the meantime, in the 
jaundiced subject, a single venous blood sample which is analysed 
for serum bilirubin and alkaline phosphatase gives as much practical 
diagnostic information as the more complicated procedures. If 
facilities are available, the differential serum proteins may be estimate 
and may give some indication as to the severity and prognosis o 
acute and chronic parenchymatous fiver disease. Total serum protein 
investigations give little practical information. Similar conclusions 
were reached by Higgins et al. (1944). A more satisfactory picture is 
given if these investigations are repeated at weekly intervals unn^ 
the course of the illness. In the non- jaundiced subject the bioc iemica 
methods enumerated have proved of little value. 


SuMMABY 

1. Sections of fiver obtained by aspiration biopsy were s ^ u ^ 

in 187 patients with fiver disease. Four groups o ca ®f s ^ 

investigated : — acute hepatitis, cirrhosis, obstructive jaun 1C j e3 
miscellaneous. Acute hepatitis was subdivided into . our ^ 

representing progressive decrease in the number of surviving ^ 
cells. The cirrhoses were divided into active and inactive caa resU p s 

2. The histological appearances were correlated wi i j es t ero l 
of tests for serum bilirubin, alkaline phosphatase, to a c j c 
and total and differential proteins, and with the intravenou 

acid and intravenous galactose tests. _ reflected 

3. In acute hepatitis the extent of the hepatic damage ^ ^ 0 j era nce 
in the serum bilirubin and serum albumin levels. a ac payment 
was impaired only in the more severe grades of damage. 



BIOCHEMISTRY OF LIVER DISEASE 


543 


of hippurio acid synthesis was inconstant and did not agree with the 
extent of the liver losion. 

4. Tho rapid recovery of tho liver after hopatitis was reflected in a 
rapid fall of serum bilirubin and galactose time. Total serum protein 
and serum albumin showed a slight riso, serum globulin a slight fall. 
Recovery of norma! hippurio acid synthesis often followed weeks 
after complete recovery of liver structure. Sorum phosphataso and 
cholesterol fluctuated during tho recovery poriod. 

5. In histologically inactive cirrhosis no constant biochemical 
abnormalities wero noted. 

0. In active cirrhosis abnormalities wore demonstrated by all tho 
biochemical methods usod. I. 1 ,-: >.= ■ s: : .s'.'s";".'; ; 

ing of galactose time could : <•' :\‘t 

hepatic cirrhosis ; tho findings by other methods bore little relation 
to lustological changes.- 

7. In obstructive jaundice, galactose tolerance and hippurio acid 
synthesis were impaired and serum proteins decreased, thus reducing 
the differentia! diagnostic value of these tests. Serum phosphatase 
estimations proved of practical value in tho diagnosis of primarily 
mtraliepatic jaundice from that occurring secondarily to extrahopatic 
biliary obstruction. Only tho intravenous galactose tolerance test 
reflected tho extent of tho hepatic damage found in association with 
obstruction to the common bilo duct. 

8. The miscellaneous group without jaundice showed no bio- 
chemical abnormality apart from an occasional riso in phosphataso or 
a low excretion of hippurio acid. 

9. For the routine study of jaundicod patients the most valuable 
and practical tests are those for serum bilirubin and phosphataso 
and differential protein estimations repeated at weekly intervals. 

I am indebted to tho Medical Research Council for an expenses grant, to 
Mr D, Bull for the histological preparations, to Mr E. V. IVillmotfc for tho 
photomicrographs, to Miss V. M. Walsho for biochemical assistance, and 
especially to Professor J. H. Bible, Professor E, J. King and Dr John McMichnol 
for advice and criticism. This work formed part of a thesis approved by tho 
University of Edinburgh for tho dogree of M.D. 
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A CASE OE A HITHERTO UNDESCRIBED 
LIPOIDOSIS SIMULATING RHEUMATOID 
ARTHRITIS 

Geobge Gbaham and A. G. Staxsfeld 

From St Bartholomew's Hospital, London 

(Plates LXXXIX-XCIV) 

The presence of nodules in association with rheumatoid arthritis has 
been described by a number of observers (lit., Collins, 1937 ; Bonnett 
el at, 1940 ; Parkes Weber, 1943 ; 1944 a and 6). Clinically tho 
outstanding features of the present case wore : (1) a polyarthritis 
which was initially of rheumatoid type but later developed atypical 
features; (2) multiple cutaneous, subcutaneous and intramuscular 
nodules of xanthomatous typo, in one of which a sarcoma ultimately 
developed. In addition to tho gross lesions which wore manifest 
clinically or radiologically during life, a romarkablo microscopical 
lipoid infiltration of voluntary muscle fibres was observed after death. 

Although there are features of this case which appear to l;o unique 
wo feel that there is some justification for regarding the disease ns 
one of the lipoidoses. Tendon, bone and joint lesions are mot 
with in several diseases in this group. Thannhauser and Magcndantz 
have usofully subdivided “ primary essential xanthomatosis ” (eholes- 
terosis) into hypercholestcrokemic and normocholestcrol.'emic types 
(Thannhausor, 1940). A persistently liigh serum cholesterol is found in 
xanthoma planum ot tuberosum of tho skin, tondon xanthoma, 
xanthomatous biliary cirrhosis and xanthomata of blood vessels and 
endocardium. These lesions are commonly found together, but each 
may occur as a distinct ontity. On tho other hand, the serum 
cholesterol shows a normal or at most a high normal figure in 
xanthoma disseminatum, osseous xanthoma and the Schuller-Christi&n 
syndrome, and in xanthomatous involvement of the lungs, spleen and 
lymph nodes. In spite of the very close similarity of the histological 
picture in the two categories, tho clinical distinction between them 
is clear out and intermediate varieties appear to be rare indeed. 

Tendon xanthomata generally show a familial incldenco. They 
are found particularly in sites subjected to pressure and over bony 
prominences, for example the tendo Achilles, knuckles and knees. 
Tho xanthomatous nodules, inseparable from tho tendons in which 
515 
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they arise, are often whitish in colour, but are generally found in 
association with yellow skin lesions — xanthelasma of the eyelids and 
xanthoma planum et tuberosum of the skin. A high blood cholesterol 
is regularly present. Associated bone and joint changes have not been 
described, though a tendon xanthoma may cause disturbance of 
function of a joint by virtue of its situation. 

Two cases of polyarthritis associated with xanthomatosis and hyper- 
cholesterolemia have been recorded. The first was demonstrated by Parks 
Weber and Freudenthal (1936-37) at the Royal Society of Medicine as a case 
of “ nodular non-diabetic cutaneous xanthomatosis with hypercholesterolemia " 
and a full account has since been published (P.irkes Weber, 1944a). The 
patient, a man of 35, first complained of pain and stiffness in a number of joints, 
soon followed by the appearance of multiple red cutaneous nodules, situated 
chiefly in the region of joints and over bony prominences. There were no 
X*ray changes in hones or joints. Biopsy of the nodules showed them to bo 
composed of aggregations of large, multi -nucleate “pre-xanthoma cells", 
so-called because they contained only traces of demonstrable lipoid in their 
copious clear cytoplasm. There was a somewhat raised serum cholesterol 
(highest figure 350 mg. per 100 c.e.), but little else of note. On a fat-poor diet 
the serum cholesterol fell, the patient’s condition improved and the nodules 
progressively diminished in size. When seen in 1943 — seven years after the 
onset — he had almost recovered functionally,' though arthritic deformities 
persisted. 

The second case was described by Layani (1939 j Layani el al., 1939) under 
the title of “ xanthomatous chronic deforming rheumatism ”. The patient was 
a woman of 46 when first seen in 1936, but her illness began some fifteen years 
earlier. The whole duration was seventeen years, during which there were 
three phases in the joint condition : (1) a short acute phase lasting six niont is, 
when the arthritis was monarticular and resembled gout, followed by a s io 
remission, (2) a prolonged phase lasting about fourteen years, characterise , ) 
a subacute polyarthritis with pain, stiffness, progressive loss of function an 
finally ankylosis of joints, (3) a terminal phase lasting two or three } car -’^ 
which there was progressive destruction of long bones, chiefly in the j' is 
articular regions, by xanthomatous tissue. This bone destruction ec 
Remarkable deformities, with abnormal mobility of joints and multip 0 * 
taneous dislocations. In the later stages recognisable manifestations o P r * ^ 
essential xanthomatosis of hypercholesterolsemic type appeared— -xan 
planum et tuberosum, cardiac angina of effort progressing to angma a .j. 
and persistent painless jaundice which was diagnosed as xanthoma ous ^ 
cirrhosis. The serum total cholesterol reached the high figure o 
per 100 c.c. a few months before her death early in 1938. There was 

mortem examination. . mcn tioned 

A third case of rheumatoid arthritis with xanthomatous no e ®’ nr^c). 

by Parkes Weber (1944a), has now been published in detail y 0 pp t oto- 

This patient had a normal blood cholesterol and from a stu y 0 -jgg 
micrographs it appears to us that the histological picture o . { j 3 n0 dulo 

not differ fundamentally from that of the classical rheumatoi a tf or ward 
(Collins ; Bennett et al.). Clinically the case differed from ® 
rheumatoid arthritis only in the abundance of the cutaneous no 0 ^jj er cases 

We have been unable to trace in the literature reports o a ^ would 
in which polyarthritis was associated with xanthomatous no 
appear that the syndrome is exceedingly rare. c { s 

The case here presented differs in several fundament ^ , an i’g, 
from those of Parkes Weber and Layani. Our case, 
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showed extensive juxta-articular destruction of bono by xanthomatous 
tissuo, resulting in deformities of joints, but in Layani’s caso cutaneous 
and subcutaneous nodules were absent and in the terminal stagos other 
manifestations of hyporcholesteroh'Bmic xanthomatosis made their 
appearance. The serum oholosterol was normal in our patient. 
Parkes Weber’s case presented cutaneous xanthomatous nodules, but 
no bone changes were detected radiologically and the course of the 
disease was essentially benign, apparently responding to treatment 
by low fat diet. In our case the course was unaffcoted by any form 
of treatment. In both Parkos Weber's case and our own a remarkable 
increase of the skin nodules occurred on oxposuro to heat. 

In the normoeholesterokomic typo of primary ossontial xantho- 
matosis osseous xanthomata are well known, but these pationts usually 
develop diabetes insipidus and exophthalmos due to lesions of tho 
dura and base of the brain (Sckiiller-Ckristian syndrome). A feature 
of these bone deposits is that they always involve tho membrane 
bones of tho skull in addition to tho long bones, pelvis, etc. ; further- 
more there is no predilection for the juxta-articular regions of the 
long bones. Our caso showed no macroscopio deposits in the 
skull. 

As regards the bone and joint changes which may be met with in 
the other lipoidoses, montion should be mado of tho oxtensivo marrow 
involvement in Gaucher’s disease. Subacute arthritio attacks liavo 
been described, which apparently arise from bono destruction in tho 
neighbourhood of joints, and spontaneous fractures have also been 
recorded (Tkannhauser). It should bo noted that tho joints are 
affected secondarily to the bone marrow. In our case there was no 
systematised involvement of tho roticulo-endotkelial system such as is 
encountered in Gaucher’s disease. Niemann-Pick’s diseaso has only 
been met with in early infancy and has little in common with tho 
present ease. 

The changes in voluntary muscle noted in our caso appear to ho 
unique and are of fundamental importance if tho ease is to be regarded 
as an example of a primary lipoidosis — that is, of a disturbance of tho 
intracellular lipoid metabolism which is not secondary to kyperlipmmia. 
In the hitherto described primary lipoidoses, the lipoid droplets always 
appear initially in the cytoplasm of histiocytes or reticulum cells, 
though in tho later stages these cells often disintegrate, leaving deposits 
of the free lipoid in tho tissue spaces. According to Thannhausor’s 
conception, diseases of this class may be regarded as “ motaplastic 
histiocytic and reticular lipidoses ", that is, the underlying metabolic 
disturbance is inherent in the colls of the reticulo-endotkoliat system 
and in no other cells. The changes present in voluntary muscle in 
our case suggest a primary involvement of muscle fibres, as well as, 
perhaps, tho histiocytes of the connective tissues. 

In a recent paper, Steiner et al. (1040) described focal inflammatory 
and degenerative lesions of skeletal muscle occurring in cases of 
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rheumatoid arthritis. Lesions of this type were not met ^fii 
in our case. 

It is impossible on the evidence of a single case to assess the 
significance of the sarcomatous growth which developed in out 
patient. We can only state that the tumour appeared to originate 
in one of the symmetrical subcutaneous nodules. 


Case report 


Clinical history 

The patient, EL I. aged 20, a barman, served with the Army in Franc® 
in 1939. He was an only child of non-Jewish parents and there was no family 
history of any similar disease. 

The first symptoms were slight stiffness and pain in the knees and ankles 
in December 1939, while living under, damp conditions. He did not notice any 
swelling of the joints or fever, and denied the presence of any urethral dis- 
charge. At the end of December he noticed a small lump on his scalp white 
combing his hair. On 20th January 1940 he was admitted to the 3rd General 
Hospital, B.E.F., with a diagnosis of rheumatic fever and a doubtful lesion of 
his mitral valve. He was transferred to Friem Hospital in February 1910. 
On examination he was well developed and did not seem ill. He complained 
of pain and stiffness of the fingers and wrist ; the pain and stiffness of the 
knees and ankles had almost ceased. Thero were a few small nodules on the 


scalp. By March 1940, symmetrical peri-articular swellings of the wrists and 
fingers, like those of rheumatoid arthritis, had developed but the movements 
of the joints were little affected. Some nodules were now present in the akin 
of the forehead and a few were noticed on the fingers. About this time he 
complained of stiffness of the shoulders and elbows, but swellings of these 
joints were nob discovered. In May 1940 tonsillectomy was performed but no 
improvement in the joint condition followed. The state of the teeth and gum? 
was satisfactory. The stiffness of the hands steadily increased, despite a frf 
course of Myocrisin, and by July 1940 there was no movement at the phalange® 
joints. The hands could not be brought up to the mouth and the forehea 
could only be touched when it was bent forward. The ankles and knees 
unaffected. Small nodules were now very numerous all over the scalp, ji 
two big ones on the back of the head. These, like all the other big no & 
which subsequently appeared, were symmetrically placed. There were man. 
superficial nodules on the face and side of the nose (fig. 1). Very large no -> 
some 2 inches in diameter, were present over the site of the olecranon - > 
similar to those which appear in advanced gout. There were also subcu an 
nodules round the wrists and over the flexor tendons of the fingers ( ig- 1-^ ^ 
In June 1940 a second course of Myocrisin was started and 0- g, J 1 ' ^ 
all. Artificial fever was induced by means of short waves pm uc6 • & 
Inductotherm apparatus (Brodribb, 1937) and eight such treatment w { 
in the next 24 months, with a temperature of 105" to 100 * ) )6( j 

hours ; they caused no undue distress. The sedimentation ra , ^ ■ t 

previously varied between 7 and 9 per cent., now rose to 16 per ce 
remained about this level in spite of the pyrogenic treatmen • which 
improvement took place in the joints of the hands an e t ^ 
enabled him to bring his hands to his mouth. The movemens o ^ ^ 

were much limited and did not allow any rotation. For e zr , oV emcnt. 
despite all treatment, the joints hardly varied in their range ^ t j, 8 

During the period of fever treatment a diminution of ® ^ g - 10 and 

scalp was observed, but elsewhere the nodules increase u e „ e fited tk? 

number. It was thought at the time that the fever, winch had brae 
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joints so much, was responsible for the increoso of tho nodulos. A largo, mobile 
nodule was present deep in tho subcutaneous tissuo on each side of the nock, 
opposite tho middle of tho stemo-maatoid. Those on tho elbows and wrists 
and along tho tendons of tho fingers were much larger, and somo were present 
on the terminal phalanges, Tho nodules on tho upper part of tho back wore 
confluent, forming two wide ridges over tho scapula) (fig. 3). Thoro wore largo 
nodules over the posterior superior iliac spines and over each ischial tuborosity, 
which made the sitting posturo uncomfortable. On tho front of each thigh, 
about 10 cm, obovo tho knee, there was a largo nodule, about 0 X 4 cm., attached 
to tho quadriceps muscle. During tho course of tho next few months many of 
the nodules diminished in size again. 

Histology. In March 1941 one of the quadriceps nodules was 
removed by Mr J. B. Hume, who reported on tho way in which it 
burrowed down in tho musclo, its attachment to all the fascial planes 
at first suggesting a malignant tumour. Professor Hadfiold reported 
as follows : — Two ovoid nodulos were received for examination. One 
measured 1-3 X 0-7 X 0'4 cm., tho other l-2xl-75x0'5 cm. Both 
were soft, greyish white and homogeneous. Tho smaller was divided 
into two rather indistinct lobules, tho larger into threo. In paraffin 
sections the tumours are found to consist of large closely packed colls 
of one type held together by a minimum of connective tissue (fig. 8). 
The cells are ovoid to spherical but, being closely packed, many have 
become polyhedral from mutual pressure. Tbe colls vary from 10 to 
36 /a in diameter, average about 25 p, larger cells predominating. 
The outer limiting membranes are precisely stained and each coll is 
well defined. The majority of the cells contain a cyto-reticulum 
giving tho appearance of a finely dispersed cytoplasmic emulsion. 
This is incomplete in a fair number of cells ; in n few it is absent. 
Tbe nuclei appear small in comparison with tho coll volume, their 
diameter being rather less than a quarter of the cell diameter. They 
are centrally or eccentrically placed and very few are marginal. Tho 
majority have a clearly defined nucleolus, an ill-defined granular 
chromatin network and a delicate but heavily stained nuclear mem- 
brane. There are no multinucleate cellB. Tho connective tissue of 
the nodules is scanty and consists of fine fibroglia in association with 
large fibroblastic cells. There is no fully formed collagen. The blood 
vessels are of capillary dimensions and well formed. The edges of tho 
nodules merge into the surrounding subcutaneous connective tissue 
without any suggestion either of capsule formation or of infiltration. 
Frozen sections stained by fat stains give negative results. Unstained 
frozen sections show no double refraction in polarised light. The cells 
of the nodules contain no mucin as judged by mucicarmine Btaining, 
and no glycogen. Tho appearances in paraffin sections are identical 
with those in the xanthomata. As most of the cells had “ foamy ” 
cytoplasm it was expected that they would give a micro-chemical 
reaction for fat or lipoid. The micro-chemical tests so far carried 
out throw no light on tho nature of the substance which occupies 
tbe meshes of the cyto-roticulum. 


JOTOX 0* PATH. — VOL. 1VUX 
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The cholesterol content of another nodule was determined. When 
cleaned the tumour weighed 1-88 g. and it contained 3-3 mg. (or 
0-18 per cent.) of cholesterol, which is an average concentration for 
normal tissues. The figures for the serum cholesterol at this time 
were : — total cholesterol 170 mg., free cholesterol 54 mg., cholesterol 
ester 116 mg. per 100 c.c. The blood urea was 30 mg. and the blood 
uric acid 4 mg. per 100 c.c. 


In Mar ch 1941 pain and swelling of the jaw was noticed, and 
Mr J. D. Cambrook made the following note : “ The change in the condition of 
the patient’s teeth during the last ten months is truly remarkable. His teeth 
showed no ' infection then, but now there is evidence of ascending infection 
around each tooth, which in some cases has reached the apex and produced 
quite large areas of rarefaction. All teeth are loose and mastication must be 
quite difficult Sepsis followed extraction of all the teeth and Mr Cambroos 
then reported : “ I have never before seen anything quite like this, because the 
blood clot does not break down and disintegrate as normally happens a » 
septic socket, but remains as a grey mass of decolourised blood clot • - 

sockets eventually healed, and the gums became firm and gave 
trouble. At this timrf the condition' of the joints had ^proved sufficiently to 
allow the patient to get up, and he was able to walk ^ththeaidof^ 
sticks. The knees could not be completely straightened and 
definite kyphosis. In June and July 1941, after sittmg m the liot 
many more nodules appeared on the scalp and on t e par o ^ 

through an open shirt. It was thought that this was due to the 

In August 1941 he was transferred to St 
X-ray therapy to the left side of the forehead and lefthand ^ 

of 100-400 skin doses were given to the left arm and th ^ tWs time 

forehead without causing any alteration m the nod es ] i • ^ mainta in 

the fingers became hyper-extended and sphn wer d . it gradually 

flexion. In September 1941 a change in the sffinnim wad noticed , He 

became depressed and, in time, the front o e c spine. The X-ray 

complained of tenderness over the lower n s an a roughened bony 

pictures of the hands and wrists at this time s °'' ve P m etacarpals and 

outlines and there were large erosions on the tea® of destruction 

most of the phalanges. In December ^ ^ ^ 

were more numerous and more obvious. In i y sternum was still m®)’ 

both sides of the neck under the stemo-mastoid and tha t vluch 

Hyr.tor.tosi, of .ho Jack o th, „ .» « * 


. Hyperkeratosis of the hack ot tne v. ^ M 100 mg. « 
occurs in scurvy, was noticed. This was the m o but ascorbio an 

ascorbic acid had been given daily for seven ^eeks( 0 ^ September 

was not being excreted in the urine m spi e ion of bone in EC 'f ' 

1942 X-rays of the skeleton showed patchy The surface outlm- 

vertebral transverse processes and in the hea ° j 0 f the toes me 

of both tibia and of the metatarsals and proximal phalang 

indistinct and “ roughened smeared in th 0 ri 6 ht aS ^ a ' Jrfel 

At the end of October 1942 a nodule had waS no t syO**™ 

grew rapidly in size. This was the first Iar S e , fc bu i g ed from the ax)1 ’ Q 6 
in that it grew rapidly to a very large size changed fro® r jg 

“a, ttodofto touch and the colour of tb« ° part of t» P** 
dusky purple. A brawny area developed in developed in the upper ^ 
major, without any pitting, while pitting ce d a blood count ^ 

extending down to the elbow There 0 00 per c.m®. and 
24th November showed red blood cells, , > 
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Fio I — Photograph showing cutaneous 
nodules on face 





Pig 2 — Photograph showing nodules on fingers Tho fingers are held 
apaH by pieces of cork 
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120 per cent. A leucocytosis of 17,500 per c.mm. was present. From early in 
December 1942 he was confined to bod owing to muscular weakness. On 
13tli December the Burface of the tumour began to ulcerate at its most dependent 
part, and oozed a thick offensive fluid which yielded a mixed growth on 
culture. Radiograms taken on 29th December showed that the lungs were 
healthy, but thore was bone destruction in the upper margin of the left scapula 
and periostitis of the shaft of the humerus and ulna on both sides. Thero was 
also some bone destruction in the lower end of the humerus and in the olecranon 
(figs. 4 and 5). By the end of January 1943 the axillary tumour was completely 
necrosed and liquefying. On Gtli February 1943 the oedema had spread down 
the arm to the hand. On 8th February some diarrhcea occurred and ho died 
next day. 

Autopsy findings 

External appearances. The body showed considerable emaciation. 
There was slight symmetrical pitting oedema of the feet. The knees, 
ankles, shoulders, elbows and wrist joints all showed marked sym- 
metrical enlargement duo to diffuse peri-articular swelling. There 
were fusiform peri-articular swellings of the small joints of the hands ; 
the interosseous muscles were wasted and the hands showed advanced 
ulnar deviation deformity. The front of the thorax was flattened 
and the centre of the sternum depressed owing to posterior 
dislocation of the body of the sternum at the manubrio-stemal 
junction. This joint also showed great thickening of the peri-articular 
tissues. 

A large number. of more j>r less discrete, rounded, nodular swellings 
were present in the skin and subcutaneous tissues of the scalp, face, 
trunk and limbs. The hairy part of the scalp was covered by in- 
numerable small nodules. Many of the larger nodules were arranged 
in roughly symmetrical fashion and on tho limbs they tended to bo 
most numerous in tho neighbourhood of joints and over bony 
prominences. On the trunk they were mainly concentrated on tho 
back, where there was a diffuse, soft, subcutaneous “ cushion ” over 
the scapula;. The nodules varied in size from a few mm. to 7 or 8 cm, 
in diameter (olecranon), the largest discrete nodules being situated on 
the upper limbs. In consistency they were very variable ; the smaller 
(for example those in the scalp, where they appeared to be in the 
cutis itself) were firm, whereas many of the larger ones (for example 
those on the upper arms) were subcutaneous and tended to be soft. 
The skin overlying some of the softer nodules was loose and redundant ; 
it showed no discolouration or evidence of nutritional disturbance. 
Some nodules were fixed to underlying fascia and muscle, but the 
majority were freely mobile. On section the smaller nodules wore 
moderately well defined, somewhat opaque and whitish ; those of 
larger size were poorly defined and consisted of glistening, semi- 
translucent, gelatinous tissue. 

Projecting from the right axilla there was a large, partly necrotic 
tumour over which the skin was discoloured and centrally ulcerated. 
This tumour was soft, opaque and haemorrhagic, having the appearance 
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of a rapidly growing sarcoma. It measured approximately 12 cm. in 
diameter and extended up to the apex of the axilla, but, although 
not encapsulated, it was not fixed, either 'to the chest wall or to the 
humerus. A typical subcutaneous nodule was present on the thoracic 
wall in the left axilla. 

Internal appearances. The subcutaneous tissues and muscles 
throughout were pale and oedematous. The subcutaneous fat was 
scanty and there was marked muscular wasting. 

The tongue was normal ; the teeth and tonsils were absent. In 
the pharynx a well defined nodule 1*5 cm. in diameter, similar in 
appearance to those on the exterior of the body, was situated beneath 
the mucous membrane on the posterior aspect of the cricoid cartilage. 
A discrete nodule was discovered in the substance of the infrahyoid 
muscles. Both of these nodules were opaque and pale pink on 
section. The larynx and vocal cords were normal. The cervical 
lymph nodes were somewhat enlarged and fleshy. 

The trachea and bronchi were hyperEemic. The oesophagus was 
normal. On the right side there were dense pleural adhesions 
anteriorly. Posteriorly there was a loculated empyema containing 
thin, bloodstained pus. The parietal pleura was thickened and 
grossly oedematous. On the left side there were a few fibrous adhesions 
over the posterior and inferior aspects of the lung. In the right lung 
the lower lobe was partially collapsed and almost airless. The upper 
lobe was oedematous but not consolidated. The left lung vas 
oedematous and congested but not consolidated. Macroscopic metas 
tases from the axillary tumour were not found in the lungs or elsev lere 
in the body. , 

The pericardium contained about an ounce of clear, straw-co oure ^ 
fluid. There were no adhesions between the layers, but tic scroir 
surfaces of both showed numerous irregular patches o 
pericarditis. The heart showed no enlargement. The mj'ocar 
was pale. There was a series of small bead-fike swellings a on o ■ 
free edge of the mitral valve, which, however, did not show ^ cr 
thickening or scarring suggestive of rheumatic infection. ^ 

valves were normal. The coronary vessels were nonna . 
abdominal aorta showed very early atheroma. jj ie 

The peritoneum contained a few ounces of c ear , t. noc i e s 
stomach and intestines were normal. The mesenteric j ^ 0jncv rliat 
were all somewhat enlarged and fleshy. The liver g ] l0 vrc(l 

enlarged (1900 g.). Its consistency was firm and the cu so i ^ 

exaggeration of the normal lobular pattern. En arge ^ ^ 
nodes were present in the portal fissure. The ga ® g 0 ntf 

ducts were normal. ' The spleen was slightly enlarge ^ or g a n. 

delicate flakes of fibrin were adhering to the outer su ^^faco showed 
Two small accessory spleens were present. The cu ^ ec p red 

prominent Malpighian bodies. The pulp was s0 
in colour. 
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Fig 4 — Radiograph of left elbots joint 
(1042) The dense shadow is due to a 
large nodule 



F/g 5 — Radiograph of right elbow and humerus 
(1942), showing nodule on elbow nod large 
swelling in axilla The opaque spots are duo 
to the iodoform which had been powdered 
on the tumour to mask the unpleasant smell 
of the ulcerating neoplasm 
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The kidneys were congested but showed no other macroscopic 
changes : bladder and prostate were normal. 

The calvarium was heavy but otherwise normal. The pituitary 
fossa was normal in size. There was slight thiokening of the lepto- 
meninges. The brain appeared normal. The pituitary, thyroid, 
parathyroids, thymus and suprarenals showed no macroscopic 
abnormality. 

There was a 'rounds'll kypho-scoliosis in the lower thoracic region 
with a compensatory lumbar lordosis. Most of the bones appeared 
normal save in the neighbourhood of joints ; no fractures were 
present. The bone marrow of tho femoral shaft showed tho appearances 
of gelatinous degeneration, mottled by small patches of red marrow. 

All the joints examined showed peri-articular thickening, with 
much oedema of the capsule. In several joints (notably tho manubrio- 
stemal junction) there was considerable laxity of the peri-articular 
ligaments, allowing an abnormal range of movement. Tho large soft 
right oleoranon nodule showed on section a small cavity in its deeper 
part, filled with thin purulent fluid. Tho appearances suggested an 
inflamed and thick-walled bursa. The joint cavity contained a small 
effusion of clear fluid. Tho synovium was thickened and grossly 
hypersemic. The cartilages of the olecranon and humeral condyles 
were extensively and irregularly eroded, exposing tho underlying 
bone, which was very hyperremic and much rarefied. 

Histological findings 

Sections were taken from several of tho cutaneous and subcutaneous 
nodules, the intramuscular nodules in the neck, tho right axillary tumour, the 
right olecranon bursa, portions of voluntary musclo selected nt random, 
portions of bone, including joint surfaces, the femoral bone marrow, portions 
of the right lung and pleura, the heart wall, liver, spleen, pancreas, an enlarged 
lymph node from the portal fissure, and the endocrine glands. Paraffin sections 
were stained routinely with hematoxylin and eosin ; selected blocks were also 
stained by Mallory’s aniline blue method, Gram’s motliod, Congo red, and 
Best’s carmine Btain. Prozen sections of the nodules and voluntary muscles 
were stained by Scharlach It. In nearly all these tissues the microscopical 
appearances are modified by post-mortem autolysis and in some there is 
evidence of a terminal septiciemia. 

The sections show extremely widespread infiltration of certain 
mesodermal tissues by large free cells, the majority of which have 
“ foamy ” cytoplasm. For tho sake of convenience these cells will 
be tormed xanthoma cells, although the chemical nature of the 
cytoplasmic droplets is unknown. A detailed description of these 
cells has already been given in the biopsy report. It may be added 
that the xanthoma cells in many different areas all show the same 
essential features ; only minor variations arc found. The great 
majority are mononuclear, though multinucleate cells of identical 
appearance but containing six or more nuclei are found in the skeletal 
muscles. Cells in mitosis are not found. Tho size of tho xanthoma 

J0UE5. or path — voz. tvm 2 o 2 
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cells is variable, and in some sites small cells with a relatively opaque 
granular cytoplasm predominate. However, when such cells are 
examined under the oil immersion objective, the cytoplasm is seen 
to be distinctly foamy. This appearance naturally suggested (be 
presence of some lipoid substance, but Scharlach R staining of frozen 
sections gave negative results in all tissues except voluntary muscle. 
Even here anisotropism was only demonstrable in some of the cells. 
Stains for glycogen and amyloid gave completely negative results. 
The widespread distribution of these cells is remarkable, for they 
are interspersed throughout the dermis and subcutaneous fat, the 
voluntary muscles, fascial planes, periosteum and synovia. The 
superficial and deep nodules are composed simply of dense aggregations 
of xanthoma cells, sometimes arranged in strata or lamina; (figs. 6 
and 7). There is no clearly defined edge to most of the nodules, as 
the xanthoma cell infiltration tails off towards the periphery. In 
some of the scalp nodules many of the xanthoma cells have dis- 
integrated, leaving deposits of free lipoid in the tissue spaces. In 
most areas the xanthomatous infiltration is associated with remark- 


ably little inflammatory reaction, but a minor degree of capillary 
and fibroblastic proliferation is observed in the subcutaneous deposit 
and the reaction in the synovia and bones is more vigorous. There 
is very little fully formed collagen in the nodules and necrosis is not 
observed. Their structure thus differs fundamentally from that of the 
classical necrobiotic nodule of rheumatoid arthritis. Proliferation o 
fibrous tissue in the intima of small arteries is observed in some areas- 
Skin and subcutaneous tissues. In relation to the small no 
of the scalp, the xanthoma cells are grouped together In t e so 
papillary layer of the dermis. The overlying epidermis is attenua 
and small groups of xanthoma cells have insinuated themselves in o 
epidermis itself. In relation to the larger nodules (hand an . saa P a 
region) they are located in the subcutaneous tissues, an m ® • 
infiltrated areas the subcutaneous fat appears to have been a s ° 
Voluntary muscles. Sections were taken from the pectora s ^ 
brachialis and infrahyoid muscles, post-cricoid muscles an ’®P 
Similar changes are seen in all sections, but the severity o f . 

degeneration varies in different regions. The most a \ ance 
are found in the diaphragm, where no normal fibres rem 
essential lesion consists in a peculiar lipoid infiltration o^ ^ 0]J3 
muscle fibres, which is associated with the presence 0 . haphazard 
cells ” (fig. 10). The muscle fibre degeneration is appareri 
in its distribution, picking out small groups of fibres, m ^ mlisc !e; 
and even part of a single fibre here and there throug on . anC e- 


and even part of a single fibre here and tnere wu s ^ c hangc ; 
the intervening fibres show little alteration. The seque 
in a degenerating fibre seems to be as follows : between tl*f 

(i) Minute clear droplets appear in the sarcop as ^ s ^ a £n rd 

myofibrils (fig. 11). A certain proportion of these or I 
with Scharlach R. 
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Fig 8 — Photomicrograph of biopsy nodulo from quadriceps stained with hunn 
toxylin and eosm, show mg the characters of tho xanthoma cells X 320 
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(in ’With progressive accumulation of lipoid, the droplets coalesco 
and the myofibrils break up and disappear. Tim earcolemma remains 
intact ns a sheath enclosing rows of largo clear globules 0 r a foam 
of minute droplets (figs. 12 and 13). The nuclei of tho muscle fibre 
persist until a late stage but often show pyknosis._ 

(nil Ultimately the distended sarcolemmn disintegrates, releasing 
the lipoid globules. Frozen sections of muscle show variable amounts 
of Scharlach-positive material in muscle fibres, some of it free in tho 
tissue spaces or contained i within histiocytes. Thus tho pectoral 
muscle, in which fibre degeneration is fairly advanced, contains 
considerable quantities of fat, somo of it- anisotropic. A proportion 
of the xanthoma cells in muscle, as elsevhero, contain cytoplasmic 
droplets which are Scharlaoh-negative and isotropic ; tho intra- 
muscular post-cricoid nodule, for oxample, fails almost entirely to 
take up the fat stain, yet tho cells of which it is composed nro otherwise 
identical with the xanthoma cells in other muscles. Tho histological 
appearances suggest an intimate relationship between these cells and 
the degeneration of muscle fibres. Xanthoma cells are not infrequently 
seen lying inside the endomysial sheaths of individual fibres and a 
few are contained within an apparently intact sarcolomma. 

Heart muscle and non-striated muscle. Tho changes observed in 
the skeletal muscles are absent in tho myocardium and in smooth 
muscle. Xanthoma cells are not present in those situations. 

Hones and joint surfaces. Sections were taken, after decalcification, 
from tho lower end of the humerus (right arm), inoluding tho joint 
surface, the olecranon of the right ulna, the head of tho right radius 
and a costo-chondral junction from one of the middle ribs. All 
sections show simple rarefaction of the cancellous bono lamclltc. In 
addition there is active destruction and absorption of bono by a 
highly vascular granulation tissuo containing numerous xanthoma 
cells. This change is confined to the cortical bone actually in contact 
with synovial membrane or periosteum and much the most severe 
changes are met with in the articular regions. The tluck layer of 
granulation tissue which covers the articular surfnees, eroding and 
undermining the articular cartilage, is richly infiltrated by xanthoma 
cells (fig. 14), Small numbers of leucocytes are also present and somo 
of the small arteries enveloped by this tissue show eccentric obliterative 
endarteritis. The bone matrix in contact with this tissue shows 
irregular absorption in the early stages; apparently due to the aotivity 
of xanthoma . cells, since typical osteoclasts are absent. As the 
panulation tissue encroaches on the underlying bone, the eroded 
lamelke become isolated as microscopic sequestra surrounded by 
xanthoma cells and lying in a matrix of fibrous tissue (fig. 15). In 
the case of the costo-chondral junction, the rib is separated from 
its cartilage by a layer of granulation tissue of identical type continuous 
Iw3 6 pe "J on v drium “>* periosteum on the surface. Irregular 
rp ion of the bony and cartilaginous matrix lying in contact with 
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this tissue is again observed. The abnormal laxity and mobility of 
synchondroses (notably the manubrio-sternal junction) may well have 
been due to the penetration of all the osteo-chondral junctions by 
vascular granulation tissue containing xanthoma cells. A similar 
mechanism probably caused the loosening of the teeth, predisposing 
to periodontal infection. The cortical bone at varying distances from 
the joints shows patchy erosion by xanthoma cells on the deep surface, 
of the periosteum. New bone formation is not conspicuous in any of 
the sections. The medullary cavity of the bones is normal. 

Olecranon bursa. t Sections show acute suppurative bursitis ; the 
purulent exudate in the sac contains numerous streptococci. The 
bursa is lined by cedematous granulation tissue sparsely infiltrated 
by xanthoma cells. 

The right axillary tumour. Sections from three different regions 
of the tumour all show the structure of a polymorphic-celled sarcoma 
(fig. 9). The tumour is almost entirely necrotic and heavily infected, 
so that finer cytological details are obscured. 

Lungs and pleura. Sections from the right lung base show a chronic 
streptococcal empyema with considerable oedema and vascularity of 
the pleural layers. The lung parenchyma shows acute perivascular 
and peribronchial lymphangitis. A few xanthoma cells lie free in 
the alveoli ; there is no pulmonary fibrosis. 

Femoral bone marrow. A relatively acellular marrow, showing 
gelatinous replacement of the fat. There is no great pathological 
alteration in the cytology, and a slight preponderance of the myeloid 
leucocyte series could be explained by the leucocytosis of infection. 
A very occasional xanthoma cell is seen. 

Spleen. The splenic architecture is normal. The cells lining to 
engorged sinusoids appear normal, as do- the vast majority of t e 
histiocytes in the pulp, though polymorphonuclear leucocytes are 
present in excess. Occasional xanthoma cells are seen, in 0 
sinusoids and pulp. „ 

Lymph node. The enlarged lymph node from the porta ssu 
shows acute lymphadenitis. The pulp is cedematous and the ® 
lymph sinuses contain large numbers of polymorphonuclear leucocj - 
In addition, there are fair numbers of xanthoma cells in t e sin 

and a few in the pulp. - _ ■■ n 

Liver. The appearances are those of passive venous cong e ^ 
with fatty changes. There is no evidence of increased activi ? 
Kupffer cells, nor is there any significant increase o ce 
portal tracts. 

Pancreas. Sections show nothing abnormal. _ 0 f 

Kidneys. In a small proportion of the glomeruli, one or 
the capillary loops composing the tuft are swollen an pa c ] unJ p 
Examination of these under the £th bi. objective re r I^ S a j n i n g 
of' xanthoma cells impacted in the capillary loop. collections 

glomeruli appear normal, but around some there are oc 
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Fig. 10 — Photomicrograph of infrahyoid muscle, showing degeneration of musclo 
fibres and " xanthoma” cell infiltration. X 45. 

Fics 11*13. — Photomicrographs of infrahyoid muscles stained by Mallory’s technique, 
showing stages in the muscle fibre degeneration x 260. 

Fm U — Small lipoid droplets ore seen between the myofibrils of one fibre, while 
globules of larger size aro present in an adjacent fibre “ Xanthoma ” cells are 
scon m close relation to a fibre m the centre of the field. 

Fie 12 — Fibres m which the sarcoplasm is filled with a " foam ” of hpoid droplets. 
Note ** xanthoma ’’ cells (top left.). 

Fio. 13.— Degenerate fibres showing distension of tho aarcolemma by largo globules. 
Traces of cross stnation can still be seen. 
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of lymphocytes and polymorphonuclear leucocytes. Tim epithelium 
lining the proximal convoluted tubules Bhows extensive hyaline 

droplet degeneration. ■ _ , 

Endocrine glands. No significant alterations aro found in the 
pituitary, thyroid, parathyroid or suprarenal glands, or in tho islets 
of Langorhans. 

Summary 

A case of a hithorto undcscribed disease is reported. A moll 
nourished young man, aged 20, with no significant antecedent history, 
developed a polyarthritis closely simulating rheumatoid arthritis in 
its symmetrical distribution and pori-articular swellings. Tho appoar- 
anco of small cutaneous nodules coincided with the onset of tho 
arthritis. As tho disease progressed tho nodules increased both in 
size and number, those of larger size being symmetrically disposed^. 
Biopsy of a nodule showed tho appearances of xanthoma but micro- 
chemical tests for fat, lipoid, glycogen and mucin were negative. 
Tho blood chemistry was within normal limits. Within six months 
there was severo disability owing to the arthritis. A year from tho 
onset the teeth became loose and had to bo extracted. Tho stiffness 
of joints and disability' persisted until tho end, but in tho later stages 
tho fingers became hyper-extended and abnormal laxity of tho 
manubrio-stornal joint resulted in its dislocation. Radiograms of tho 
skeleton revealed patchy bone destruction. Thirty-four months from 
the onset a nodulo which had been noticed in tho right axilla began 
to grow rapidly ; fungation and ulceration followed. Tho terminal 
phase was marked by acceleration of the previously' observed muscular 
wasting and general emaciation and be died three years and two 
months from the onset of tho illness. 

At autopsy, nodules were found in the skin, subcutaneous tissues 
and skeletal muscles ; thoy were ill-defined, and oitber semi-translucent 
or whitish and opaque. The muscles were atrophic, palo and 
(edematous. The joints showed thickening and oedema of peri- 
articular tissues. The eroded articular surfaces were covered by 
thickened and liyperamic synovium. Tho bono marrow showed 
“ gelatinous degeneration”. Tho spleen and lymph nodes showed 
slight enlargement. An empyema tliornois Was present on the same 
side as the axillary tumour. No significant changes were found in 
other organs. 

Histologically tho essential lesion consisted in widespread in- 
filtration of many mesodermal tissues (voluntary muscle, subcutaneous 
tissues, skin, synovial membranes and periosteum) by histiocytes with 
foamy cytoplasm. Tho chemical nature of the cytoplasmic droplets 
remained obscure, but there was evidence that a certain proportion of * 
this material .was either neutral fat ot lipoid. In some situations 
these cells were so numerous and closely packed as to form nodules of 
macroscopic size. The presence of these cells in voluntary musolo was 
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related to a distinctive type of degeneration of the muscle fibres, 
characterised by the appearance of droplets in the sarcoplasm and 
ultimate disintegration of the fibres. Cardiac muscle and non-striated 
muscle were not affected. Infiltration of the synovial membrane and 
periosteum was accompanied by the formation of vascular granulation 
tissue and by destruction and absorption of bone in contact with this 
tissue. There was evidence that a few of these histiocytic cells had 
“ overflowed ” into the blood and lymph streams, but on the whole 
there was a striking absence of reaction on the part of the reticulo- 
endothelial system. The internal organs showed only minor changes 
and the endocrine glands were normal. The axillary tumour was an 
anaplastic, polymorphic-celled sarcoma. 

It is suggested that this disease should properly be classed among 
the lipoidoses. A review is given of the muscle, bone and joint lesions 
occurring in known lipoidoses. 


We wish to thank Professor G. Hadfield for his assistance in connection with 
the pathological findings and Dr F. Parkes Weber, who saw this patient several 
times with one of us, for his kindness and great -help. Our thanks are also due 
to Dr E. T. D. Fletcher who allowed us to make use of his paper before its 
publication. 
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615 . 778 (Penicillin) 

TURBIDIMETRIC ASSAY FOR PENICILLIN 
C A Gkeen 

From the Royal Naval Medical School 

A turbidunetnc method for the assay of penicillin using Staphylococcus 
aureus as the test organism was described by Foster (1942) The possible 
usefulness of this test in plant control was claimed by Foster and Woodruff 
(1943), but the accuracy of the test was not entirely satisfactory. Foster and 
Wilher (1943) and Joslyn (1944) introduced further variations, including the 
use of culture tubes suitable also for direct turbidity measurements, but the 
two standard curves shown could not bo exactly superimposed McMahan 
(1944) claimed that his modification of the turbidimetric test was both more 
rapid and more precise than the Oxford cup method (Heatley, 1944) A similar 
turbidimetric assay method has been used in this laboratory for two years for 
various purposes, including production plant control The test lias proved 
exceedingly useful and reliable for this purpose 


Details of test 
Apparatus 

(1) Oxl' rimless test tubes, fitted with aluminium caps, chemically clean 
and sterilised m hot air oven at 160° C for 2 hours 

(2) “ Aylmg " filler calibrated to deliver 20 ml 

(3) 4 litre bottle with all metal two way head, autoclaved at 16 lb for 
30 mins 

(4) Graduated 1 ml and 10 ml pipettes sterilised in hot air oven at 100° C 
for 2 hours 

(6) Volumetric pipettes 1, 2, 5, 10 ml etc 

(6) Volumetric flasks 20, 60, 100 ml etc 

(7) Water bath with circulator, thermostatically controlled at 37° C 

(8) Photo electric absorptiometer I 


Reagents 

(1) Glucose broth medium Evans peptone 60 g , marmite 16 g , Lab Lemco 
15 g glucose (BDH, AR) 10 g , Bodium chloride (B D H , AH) 35 g , 
dipotassium hydrogen phosphate (AR) 37 6 g , potassium dihydrogen phos 
phate (AR) 12 5 g , distilled water to 10 litres 

Method of preparation Dissolve peptone, marmite, Lab Lemco, glucose 
and sodium chloride in approximately nine litres of distilled water Using 
10 N sodium hydroxide, adjust to approximately pH 8 0 Steam at 100° C. 
for 30 mins Filter through Chardin papers Using concentrated hydrochloric 
acid, adjust to pH 7 0 Add buffer salts and make up the volume to 10 litres 
659 
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Distribute in 1 litre and 100 ml. amounts. Autoclave at 15 3b. for 30 mins. 
The resulting broth should be crystal-clear at pH 7-0. Medium is stored in tho 
dark at room temperature. ■ 

All the tests in any one series must be prepared from one batch of medium, 
which should be made in volumes sufficiently large to cover two or more weeks’ 
work. 

(2) Chloroform phosphate buffer at pH 6-2. 120 ml. ilf/3 disodium hydrogen 
phosphate (solution “ A ”) ; 480 ml. ilf/3 potassium dihydrogen phosphato 
(solution “ B ”) ; 3000 ml. saturated chloroform water. 

(3) Standard penicillin solutions. A dried calcium salt of penicillin of known 
unitage is kept in a desiccator at room temperature. From this powder a solution 
of penicillin containing exactly ■ 1000 units per ml. is prepared by dissolving 
an accurately weighed amount in chloroform phosphate buffer. This is prepared 
once each week, serial assays showing that there is no deterioration over this 
period. 

A “ working standard ” of 100 units per ml. in phosphate buffer is prepared 
from the above every 2nd or 3rd day, and from this a 10-unit standard in 
phosphate buffer is prepared daily. Immediately before use, this is diluted 
finally to 1 unit per ml. in glucose broth. Grade “ A ” N.P.L. glassware is 
used throughout. 

(4) Five per cent, formol-saline. 

Preparation of staphylococcal broth 

The Oxford “ H ” strain of Staphylococcus aureus is maintained on agar Blopo 
subculture and agar plate subcultures are prepared daily. On the evening 
before the test a single colony is inoculated from the plate subculture into 100 ml. 
of glucose broth which is incubated overnight at 37° C. Next morning tho 
purity of the glucose broth culture is checked' and the density determined by 
means of a Spekker absorptiometer, suitable calibration curves having been 
determined and allowance made for differences in unseeded batches of broth. 
The appropriate volume of glucose broth culture is added with sterile precautions 
to 4-litre volumes of glucose broth to give a final density of 5,000,000 organisms 
per ml. 

Arrangement for determination of standard curve 

The 1-unit - penicillin broth solution (prepared as in reagent 3 above) is 
distributed to 0" tubes, fitted with aluminium caps to avoid gross contamination, 
as follows : — 


Tube 

1 

2 

3 

4 

5 

0 

7 

8 

9 

ml. 

0-8 

J0 

:nl. 

0’9 

1 unit penicillin broth standard . 

Nil 

ml. 

0-1 

ml. 

0-2 

ml. 

0*3 

ml. 

0*4 

ml. 

0-5 

ml. 

0-6 

ml. 

0>7 


By means of an Ayling filler, 20-ml. volumes of staphylococcal -see c ^ 
are added to each tube. Tubes 2-9 are put up in triplicate, tubes an 
quintuplicate. 


‘ Arrangement for determination of unhnown solution . ■/ ( 1 

If the approximate strength of the solution under test is known, it ■ ^ ^ 
to an approximate 10 units per ml. in phosphate buffer followe . y . c Q . g 
dilution in broth. To each of 3 tubes is added 0-5 ml. of t 0 t ococc nl- 
broth dilution of the unknown solution, followed by 20 ml. o s n P _ j? 
seeded broth. If the strength of the solution to be assayed is u ’ widest 
necessary to make a series of falling decimal dilutions to cove 
possible range. 
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The time required to complete the addition of staphylococcal broth to a 
full sot of standard solutions and GO unknown solutions is approximately 
15 20 minutes This time should be kept as short as possible 

Incubation 

Tho tubes containing tho standard and unknown solutions aro spaced in 
every other compartmont of wiro racks arranged in a 37° C water bath at such 
a height that tho tube contents are completely immersed 

Under the conditions described, the standard tubes will show a suitable 
range of turbidity at approximately 4 hours Consequently the required end 
point is ascertained by determining the density in standard tubes 1 and 10 
at internals commencing at 3J hours* incubation When the required density 
has been reached, tho entire test is removed from tho bath 

Further growth is checked by the addition to each tube of 5 c c of 5 per cent 
formol saline No significant difference in results lias been detectod when tests 
are read immediately after the addition of formol saline or at intervals up to 
3 hours later (longest period testod) 

Reading of test Stand Ait d curve 

The contents of the tubes aro transferred serially to 25 ml capacity 
optical fused glass cells (4 cm in w ldth) and tho turbidity measured in a Spekkor 
nbsorptiometor, using a Cambridge spot galvanometer and H503+H508 filters 
A Miller photo electric colorimeter (Morris, 1944) fitted with a constant G 
voltage transformer has proved os reliable and is speedier m operation 

The means of the absorptiometor readings of tho triplicate tubes containing 
the same amount of standard penicillin are plotted against the volume of 
penicillin contained in the tube 

Determination of unknown 

The mean of tho three tubes containing tho unknown solution is taken and 
tho corresponding strength of penicillin is determined from the standard curve 
An example is shown m table I 

Table I 


Spckkcr and equivalent graph readings on sample of crude brew 


Tube 

1 50 dilution of 
unknown 

Speaker reading 

Gnipli reading 
(mUta/mi ) 

1 

0 5 ml 

0 261 


2 

0 5 „ 

0 2G r0 20 

0 COO 

3 

05 „ 

0 26 j 



A concentration of 0 5 ml of a 1 50 dilution of tho unknown in a total 
culture volumo of 20 5 ml yielded tho same final opacity as a concentration of 
0 6 ml of 1 unit penicillin solution in a total culturo volume of 20 G ml There 

fore tho neat unknown solution contained x ^5 X 60 units per ml = 59 7 
units per ml 

Shape of curve Tho shape of the standard curve tends to he sigmoid In 
preliminary trials it was tho practice to test unknown solutions over the full 
range used for the standard curve, using duplicate or triplicate tubes at each 
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level. It was found that the shape of the curve was identical for approximately 
10-unit dilutions of crude brew, acetone eluates, weak and concentrated sodium 
or calcium salts and solutions of dried preparation. For this reason it was 
decided that in a triplicate tube test it was preferable to use the same volume, 
namely 0-5 ml., of diluted unknown in each tube, rather than a range such as 
0-4 ml., 0*5 ml. and 0-6 ml., thereby reducing the risk of pipetting errors. 


Accuracy of test 

(1) Replication. In a series of unknowns the usual triplicate arrangement 
was extended to a larger number of tubes. Examples of the range of assay 
results based on a single tube and on the usual triplicate tube reading were as 
in table H. 

Table II 

Replicate results by single and triplicate tube tests on two sample fluids 


Tube 

| Result (units/ml.) 


Result (unlts/ml.) 

Single 

j Triplicate 


Single 

Triplicate 


I 


Highest 

Lowest 


Mean . 



Highest 

Lowest 


. 1507 


(2) Reproducibility. Repeat assays on successive days on a rant om gr 
routine samples (held at approximately 10 units per c.c. in p 10S P i 
at 4° C.) resulted as in table m. 

Table HI 

Repeat assays on random routine samp les — . 

I I I oxford units per nJ- I 


Crude brew 546 
„ „ 548 

Com steep assay 
Acetone eluate . 

Calcium salt Cl 
„ „ 534 

„ „ 537 

„ „ 54G 

Sodium salt 544 
„ „ 547 

Concentrated seitzed 628 
Dried salt Cl 


Diluted 1 : 50 

„ 1 = 60 


1 : 40 
1 : 70 
1 : 2000 
1 : 2000 
1 ; 2000 
1 : 4000 
1 : 2000 
1 : 2000 
1 : 50,000 
1 : 100,000 
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Assays repeated on successive days on a dried calcium salt tot strict 
determination of potency for use os a laboratory substandard resulted as 


follows — 

376 

368 

356 

352 

356 

368 

388 

356 

352 

320 

368 

384 

356 

348 

328 

376 

376 

368 

348 

368 

37G 

368 

368 

344 

308 

376 

36S 

356 

344 

330 

336 

36S 

384 

348 

328 

352 

36S 

376 

344 

360 

336 

376 

304 

348 

376 

372 

376 

348 

356 

360 

372 

364 

344 

360 

368 

Using the mean of the obovo 

results tho potency of the substandard salt 

was fixed at 300 units per mg 





Estimation m different dilutions 

Examples of ossaj a afc different dilutions on the same samples were as in 
table IV 


Table IV 

Results of assay at various dilution levels 


Sample 

Final 

dilution 

Result 
(units/mJ > 

Sample 

Final 

dilution 

Result 
(unita/ml > 

Crudo brew 

2 

30 

57 0 

Crudo brow 

2 

30 

62 C 


1 

50 

55 5 


X 

50 

130 0 


1 

70 

64 0 


1 

70 

01 0 

Calcium salt 

2 

0000 

C720 

Seitz concentrate 

J 

50 000 

01.000 


1 

8066 

7120 


l 

70 000 

03,700 


1 


7500 


1 

200,000 

60,500 


Covntxnr 

The addition of 0 1 per cent glucose to the culture broth has not detracted 
from the reliability of the test Different batches of broth tended to reach the 
desired maximum turbidity in slightly different periods and to yield standard 
curves with variations in shape and in degree of slope There v, as little difference 
m the growth period of the same batch of broth from day to day, while the 
shape and position of the standard curve was remarkably uniform 

Samples yielding opacities indicating the presence of 0 2 unit or less per ml 
are discounted owing to the occasional stimulant action of penicillin afc this 
level (Miller ct al , 1945) Results falling m the zone of 0 8 unit and above 
ore repeated at a higher dilution, owing to the loss of accuracy wluch tends to 
occur with flattening of the curve in this tango 

Emphasis must be placed on the use of an efficient water bath, because 
slight variations m temperature m different parts of the bath reduce the 
reliability of results considerably 

SmmAR\ 

A turbidunetnc test for penicillin assay of reasonable accuracy is described 
The method has proved suitable for the multiple assays required m production 
plant control 
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HYPERPIESIS WITH ATHEROMATOUS OBSTRUCTION 
OF THE RENAL ARTERIES 

G. T. Cook and R. S. Bruce Pearson 
King's College Hospital, London 

(Plate XCV) 

A case of high blood pressure occurring in a young man with advanced 
atheroma of the main renal arteries at their site of origin from the aorta > 3 
described in the following paper. The complete obliteration of the renal 
arteries by atheroma and thrombosis is thought to have led to the high blood 
pressure which caused his death. The kidneys appear to have derived their 
blood supply from vessels entering the renal cortex from the capsule, and from 
small vessels which had re-canalised the renal arteries. The remarkably slight 
histological evidence of renal damage resembles the findings in experiments 
animals after partial obstruction of the renal blood flow (Goldblatt cl ah, 1934 , 
Wilson and Byrom, 1939, 1941). 

Case report 

C. C., aged 29 years, was first admitted to Sutton Emergency Hospital in a 
severe attack of asthma on 1.10.43. Until one week before admission he 
been symptom -free and working as a labourer. During this week he ha a 
three attacks of acute paroxysmal dyspnoea. , . 

On examination he was found to have a developmental abnormality 0 
left arm, a rudimentary hand arising directly from the region of the c 
There was also a coloboma of the right eye. His heart was enlarge ° - e 
left, the apex beat being 4 in. from the mid-line in the sixth space. T 10 ^ 

second sound was loud but no pulsation could be detected in the ngh ra ^ 
in either brachial artery. In the popliteal artery the blood prfe~ur 
230/135. A trace of albumin was present in the urine. _ rcement, 

X-ray examination of the heart showed considerable left-sulea cn art 
with pulmonary' congestion. An intravenous pyelogram was norma- norm3 i 
urea was 45 mg. per 100 c.e., standard urea clearance. 48-5 per cen • 

(11.10.43). No casts or red cells were found in the urine on repea Br£>S 5 , jr e 
tion. During an attack of paroxysmal dyspnoea the systolic 
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in the leg had risen to over 300 mm., whilo tho diastolic was 150 mm. Tho 
circulation rate (arm to tongue) -was 20 seconds botwoon attacks, but rose to 
70 seconds during attacks of dyspnoea. His symptoms improved somewhat 
with rest and the blood pressure in the leg fell to 200/110, but the heart con- 
tinued to incroaso in size, tho apex beat being 5 in. from tho mid-lino when ho 
was discharged lato in October. Wo are indebted to Dr O. F. Garni for theso 
valuable observations. 

While at home he was able to do very little ; he became cedematous'ond was 
unable to sleop at night. He was admitted to King’s College Hospital on 
27.3.-14;. Ho was now dyspnceic at rest and slightly cyanosed, tho blood 
pressure in tho leg being 230/150. Tho cardiac apex was in the sixth space in 
the anterior axillary lino and gallop rhythm was audible. Thero were rides 
at the left base, ascites and considerable ccdema of tho Jogs. The optic fundi 
were normal. A persistont trace of albumin was present in tho urine but no 
red cells or casts were observed. During sleep Choyne-Stokes respiration was 
present. Attacks of dyspnoea duo to acute pulmonary oedoma occurred from 
time to time. 

An electrocardiogram (1.4.44) showed unaccountable right ventricular pre- 
ponderance. The Wassermann reaction was negative, haemoglobin 92 per cent. 
(Haldane), blood urea 21 mg. per 100 c.c., standard clearance 74 per cent, of 
average normal (5.4.44). 

The ccdema, which was at first controlled with mersalyl, became more sovoro, 
and ho complained of considerable pain in the legs. His condition deteriorated 
steadily and he died on 2G.5.44. 

Post-mortem examination 

Serous effusions were present in both pleural cavities and the bases of the 
lungs were oedematous and congested. There wero also ascites and a small 
pericardial effusion. 

The most noticeable changes were found in tho aorta and its main branches, 
all of which were hypoplastic. The whole of the aorta showed extensivo patchy 
atheromatous degeneration and thickening, the orifices of its branches being 
particularly affected. The lesions consisted of slightly raised yellowish plaques 
of typical early atheroma, together with thickor and more olevatod areas of 
greyish -white colour. These, when cut across, wore seen to contain soft 
atheromatous material lying between the thickened intima and tho media. 
Histological examination confirmed their atheromatous nature. There was 
thickening of tho intima, with some hyaline degeneration, and tho elastic 
lamina was frayed and split. In the more Bevere lesions degenerative changes 
were present also in the media, which in places showed almost complete dis- 
ruption of tho muscular and elastic tissue. In tho same areas there was also a 
little lymphocytic infiltration of the adventitia. No calcification or ulceration 
was Been. 

Both subclavian and common carotid arteries wero small in diameter and all 
appeared grossly obstructed a short distance from their origin. The absenco 
of pulsation in the right radial and in the brachial arteries was thus explained. 
Sections of the right subclavian artery at the point of obstruction showed 
considerable atheromatous thickening of the intima, with some hyaline 
degeneration. There was also thinning and destruction of the media and 
marked fraying and duplication of tho internal elastic lamina. The original 
lumen had been completely obliterated, though a number of young capillaries 
were present in tho intima and media. A similar appearance was seen in the 
right common carotid artery, which also contained tho remains of an old 
thrombus undergoing organisation and recanalisation (fig. 1). 

The coronary, cmliac and mesenteric vessels were all considerably narrowed 
near the aorta and sections showed typical atheromatous changes (fig. 2). 
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These arteries were only partly obstructed. Both renal arteries, however, 
were completely obstructed for the first few mm. of their course and their orifices' 
would not admit a probe. The right renal artery was examined histologically 
and the original lumen was not apparent (fig. 3). Two or three small capillaries 
were seen in the thickened and distorted intima. The distal portion of both 
arteries appeared normal and there was no evidence of atheroma histologically. 
The basilar and middle cerebral arteries showed early atheromatous thickening. 

The heart was considerably enlarged, weighing 560 g. All the chambers 
were dilated, as were also the mitral and tricuspid valves. The loft ventricle 
was hypertrophied except anteriorly, where a large area of fibrosis had resulted 
in thinning of the wall. (Byrom and Wilson comment on the almost invariable 
presence of myocardial fibrosis in hypertensive rats.) Both coronary arteries 
were much narrowed by atheromatous change for the first 10-15 mm; of their 
course, though after that they appeared normal. 

The kidneys showed little abnormality on naked-eye examination except for 
slight scarring of the cortex. The capsules stripped' readily and the capsular 
arterial supply was observed to be rather freer than usual. Histologically, a 
small number of glomeruli showed thickening of the basement membrane of 
Bowman’s capsule and a little peri-glomerular fibrosis. Occasional glomemli 
were shrunken and a very few were completely hyalinised. There was a little 
patch y fibrosis of the cortex (fig. 4). No hypertrophic or degenerative changes 
were seen in the renal arterioles. The splenic arterioles were thickened and 
showed varying degrees of hyaline degeneration. No abnormal changes were 
found in the vessels of the liver, lungs, suprarenals or stomach. 

The liver showed fatty degeneration and marked congestion around tbs 
hepatic veins. The spleen and lungs also showed great vascular congestion, 
with oedema, and small broncho -pneumonic areas were present in the lungs. 


Discussion 

In this case the main points to be noticed are the youth of the patient, 
the presence of several congenital abnormalities including hypoplasia of t e 
vascular system, and the severe vascular changes affecting the renal arteries 
with only slight evidence of renal damage. 

Blackman (1939) published an account of the pathology of the renal nrmfr 
in “ essential ” hypertension and described changes ranging from the pre^ena 
of atheromatous plaques to almost complete obliteration of one or hot > 
arteries in 43 out of 50 subjects examined at autopsy. In 28 of these 
considerable pathological change was found in the affected kidneys. ^ 
sclerotic lesions were found in the intra-renal arteries of all tho cases ' • 
of which showed arteriolar necrosis. Richardson (1943) found athero-sc^^ 


plaques in one or both renal arteries of 25 out of 32 cases 


ill uiio ui uuwi ruuui aibouco via w . . ^5 

hyperpiesia examined at autopsy. In cases where the vascu an esi 
unilateral, there was no difference in the appearance of the caEW - 

both of which showed considerable evidence of disease. 16 ^ ( j !£) 

with the most marked narrowing of the renal arteries a o s > Sidneys 
most advanced renal damage, hut changes were not detected m 
of two patients in spite of bilateral arterial stenosis. In ra ^.^ -g^ial 
hypertension has been caused by clamping one renal artep , v un . 
obstruction of blood flow, widespread vascular changes arc oun ^ 0 f the 
clamped kidney and in other organs but are absent fw® 10 ' ~ 
clamped kidney (Wilson and Byrom, 1939, 1941). This “crop nJUC | 1 longt 1 -' 
the findings in animals and in man is probably partly due ° tcnB inntion 
time which elapses between the onset of hypertension and /g .41 week* 

in human cases as compared with the comparatively ; n the AS** 

in Wilson and Byrom’s rats) in experimental animals. Du c xpcriiucn la! 

and speed of development of the vascular obstruction, rapi jn 
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animal and relatively gradual m spontaneous disease in man, may also help 
to account for these discrepancies 

Xt is clearly impossible to determine how long the high blood pressure had 
been present m our patient before ho was first admitted to hospital or how 
slowly the lesion m the renal arteries had developed the presence of fibrinoid 
necrosis m the arterioles of tho spleen and the relatively short period between 
the first symptoms m September 1943 and his death in May 2944 suggest that 
there had been at least a malignant termination, probably with increased 
blood pressure, and it is probable that this phase did not last more than a year 
or so The poor condition of the heart muscle consequent on tho changes in 
tho coronarj arteries was almost certainly an important factor m bringing about 
a speedy termination It 6eems probable that there was insufficient timo for 
changes to develop in the kidneys, both of which were in this instance the 
subject of extreme circulatory disturbances comparable to those induced by 
the experimental clomping of tho renal artery 

It is interesting to observ o that in spito of the much restricted blood supply 
to the kidnoys, their function was comparatively good and even appeared to 
improve between the first tests m October 1943, when the blood urea was 
45 mg per 100 c c and urea clearance 48 5 per cent of normal, and the later 
test m April 1944, when tho blood urea had fallen to 21 mg per 100 c c and the 
standard clearance was 74 per cent of normal This suggests that an improved 
collateral circulation from tho capsular vessols and through tho ro canalised 
renal arteries themselves had dev eloped during the mton al betwoen the tests 
The cause of tho extensive atheroma in so young a man is not clear The 
naked e>o appearances of the lesions were at first thought to indicate a 
syphilitic basis, but the Wassermann reaction was negative and the micro 
scopicat appearances were not in any way characteristic of such a pathogenesis 
Tho general hypoplasia of the aortic trunk and tho presence of other congenital 
defects suggest that the premature atheromatous change may have been 
dependent on a congenital or developmental vulnerability of the hypoplastic 
\essols to the factors which normally cause atheroma m the aged Stenosis 
of tho renal arteries is presumed to have led to tho development of hypertension 
and this m turn may have accentuated the atheromatous change A similar 
process in tho coronary vessels was followed by extensive fibrosis of the 
ventricular muscle and ev entual cardiac failure 


Summary 

A case of hyperpiesia (B P 230/135—300/350) m a man of 29 with advanced 
atheroma of the renal arteries is described In addition there was well marked 
vascular hypoplasia, with other developmental anomalies The histological 
changes in the kidneys were slight, while the renal function was comparatively 
good, and even seemed to improve m the six months during which the patient 
was undor observation Comparison is made with the results of experimental 
vascular obstruction 
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576 . 8 .'077 . 37 : 616 . 46 — 002 . 2 (lymphogranuloma inguinale) 

A COMPLEMENT FIXATION TEST FOR THE DIAGNOSIS OF 
LYMPHOGRANULOMA INGUINALE 

Mans. H. D. Landau 

Department of Bacteriology, University of St Andrews 

During 1940-45 a large number of men of several nationalities who had 
travelled in areas where lymphogranuloma inguinale is prevalent were stationed 
in this area. This made desirable the elaboration of a laboratory diagnostic 
test which could be fairly easily performed and which did not demand the 
use of reagents that are difficult to obtain. Probably the Froi test performed 
with an antigen of human origin wiE remain the method of choice, but extracts 
of lymphogranulomatous lesions in man are not readily obtainable, while 
similar preparations derived from animal lesions — for example extract of infected 
mouse brain — give dermal reactions whose interpretation is not easy. 

From our experience of the diagnosis of smallpox and the investigation of 
the immunity response to influenza we felt that a complement fixation procedure 
would probably be the most satisfactory type of serological test to employ for 
the examination of cases of lymphogranuloma inguinale. It was essential for 
this that antigens suitable for complement fixation reactions should be prepared. 

The possible sources of such antigens are : — 

1. Extracts of human lesions. This is probably the best source and was 
used by Goutts and Ponce (1934-35), but is not readily obtained, and if obtain] 
able it could appropriately be used for the Frei test. 

2. Mouse brain passage virus. This we found unsatisfactory in that it was 
difficult to prepare and was frequently anticompleraentary. 

3. Culture virus — “ lyngranum ” — obtained by growth in the yolk sac 0 

the developing chick has been the antigen employed by most workers, the 
procedure being that described by McKee, Rake and Shaffer (1940), Shaiier, 
Rake and Grace (1942) and Blair (1944). This was found difficult to prepare 
in sufficient quantity with the resources at our disposal. _ . 

4. Mouse lung passage virus prepared from a lung-adapted strain 0 1 

causal agent. , 

Experience in conducting complement fixation tests with antigens 
from lung tissue induced us to employ the last of these, and we are m c 
to Dr C. H. Andrewes for placing at our disposal the van den En 0 
adapted strain of the virus. , . , j. 

We are not unmindful of the fact that lymphogranuloma mguin ^ 
but one of a group of diseases due to virus agents which show ( ® er0 ^ 

group relationships to one another — lymphogranuloma, psittacosis, 
pneumonitis of mice ”, virus pneumonia of mice and atypical pneum ^ 
man — and that group reactions might occur. Attention has been 
by Rake, Eaton and Shaffer (1941) and Levine, Holder and Buli0W ' ] ie n 
while Fiorman (1945) lays special emphasis upon such group rea° ^ ^ 0 f 
lyngranum is employed in complement fixation teats. The rnam ^lutina- 
error from this would be atypical (virus) pneumonia but positive co ^ 
tion using Moss group 1Y blood would be obtained with at leas so ^ 

Again we fully appreciate that lung consolidation in mice 1 jj batches 

by several virus agents. It was therefore necessary to ensuro a _ anU !om3 
of lung antigen reacted well with the serum of a known case of > m P Fa f c ^jard, 
before being used for diagnostic work. Even this is oiilyaF obto j n ed it 
so that in all instances in which a positive diagnostic reacti 
essential to take into account the clinical manifestations of 
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Technique 

(i) Antigen. Mice inoculated intronosally with infected lung extract are 
killed on the 4th day and the consolidated portions of their lungs dried in vacuo 
from the frozen atate. For the actual test 0*1 g. of dried powder in 50 c.c. of 
saline { = 1 : 500) is used. 

(ii) Complement . Pooled complement from several guinea-pigs is employed : 
it is convenient to use this also ns a product dried from the frozen 6tato. 
Preliminary tests of activity are Bet up in the presence and in the absence of the 
antigen and it is essential that the antigen is itself not anticomplementary. 

(iii) The test proper. The patient’s serum, inactivated, is diluted l : 4, 
1 : 8, 1 : 1G, 1 : 32 and 1 : G4, and of these dilutions 0*1 c.c. is put into two sets 
of five tubes ;* 0-125 c.c. of antigen is then added to one set of five tubes, 
0*125 c.c. of normal mouso lung extract to the second set. To all tubes 
complement containing 2*5 minimal luemolytic doses in 0*125 volume is finally 
introduced, the tubes shaken and the mixtures incubated for 14 hr. at 37° C. 
After this, 0*125 c.c. of a 3 percent, sensitised suspension of sheep corpuscles is 
added and the tubes further incubated in a water-bath for 30 minutes. 

A reading can then be taken, but it is convenient to stand the tubes in a 
cool place overnight so that the intact corpuscles can sediment. It will bo 
noted that the final concentration of patient’s serum in the scries of tests is 
1 : 14, 1 : 28, 1 : 56, 1 s 112 and 1 : 224. 

Results 

In the first instance tests wore made with sera — 246 in number— derived 
from cases known not to be infected with lymphogranuloma inguinale. 
Among these wore sera giving both positive and negative Wassermann reactions, 
also sera giving positive fixation with gonococcal antigen. This series was 
investigated to ensure that the mouse lung antigen did not react with normal 
sera, Wassermann-positive sera or the sera of patients containing antibodies to 
the gonococcus. 

Being satisfied that non-specific reactions did not occur with such sera, 
tests were made with serum from cases of known and suspected lympho- 
granuloma inguinale. During the period 1st March 1944 to 18th July 1945, 
fifty-seven specimens from cases in which the history of the patient or his 
condition suggested the possibility of lymphogranuloma inguinale infection 
were examined. Of these, 31 gave positive and 22 negative findings. The 
four additional specimens were from known cases, of the malady, with typical 
clinical manifestations and a positive Frei reaction. They were kindly supplied 
by Drs MacCallum and Bauer to act as positivo controls. 

As to the degree of reaction obtained : — - 

(а) In 3 instances fixation occurred only in the first tube = 1:4 

(б) In 9 „ „ „ to the second tube =1:8 

(c) In 8 „ „ „ to the third tube =1:16 

(d) In 5 „ „ „ to the fourth tube = 1 : 32 

(e) In 6 „ „ „ to the fifth tube = 1 : 64 

Of the four specimens from known cases, tliree reacted in a dilution of 
1 : 64 and one in 1 : 32. 

The following are illustrative examples from each of these. 

(°) Reacting in 1 : 4 only. These were but three and in none of them was 
the history or clinical condition really suggestive of lymphogranuloma. 

(b) Reading to 1 : 8. Example 4. Examined July 1945, female ; ulcers 
on cervix and enlarged lymph glands. Wassermann negative ; gonococcus 
fixation positive. Case still under investigation. The case is one of old 
gonococcal infection and the fresh infection does not have the clinical features 
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of gonorrhcea. Example 2. Examined June 1944, male ; gonorrhea 1933, 
inguinal bubo lasting two months 1935. Wassermann negative ; gonococcus 
fixation test positive. 

In none of the 9 cases in this group in which the sera reacted to 1 : 8 onlv 
was the clinical condition such as to indicate lymphogranuloma inguinale, but 
the two cases selected as examples suggest that this degree of response may 
bo suspicious, since the first case may yet develop a more marked reaction 
and the second may be residual from 1935. 

(c) Beading to 1 : 16. Example 1. Examined January 1945, mala; 
clinically lymphogranuloma of three years’ duration, Wassermann negative; 
gonococcus complement fixation test not done. Example 2. Examined Juno 
1944, male ; no evidence of lymphogranuloma inguinale infecVion, at present 
suffering from gonorrhcea, examination for gonococci positive ; gonococcus 
complement fixation test positive. 

Example no. 2 of this category is important as it indicates an experimental 
error and serves to stress the need for correlation of clinical and laboratory 
findings in interpreting the result of this test. This is true of all such tests, 
none of which is accurate to 100 per cent. 

{d) Beading to 1:32. Example 1. Examined June 1945, male ; diagnosed 
clinically as possibly pestis minor. Cultures from gland yielded no growth, 
aerobically or anaerobically, on a variety of media. Gland broke down and 
healed slowly under sulphonamide treatment. Wassermann negative ; gono- 
coccus fixation test not done ; no evidence or history of gonorrhcea. Example 2. 
Examined April 1944, female, as a known contact of a case oflyrophogranuloma 
inguinale. Wassermann reaction negative ; examination for gonococcal infection 
negative. 

(e) Beading to 1 : 64. In all instances in which a reaction of this nature 
•was obtained there’ was evidence of either present or past infection with 
lymphogranuloma inguinale. 

(/) Among those reacting to 1 : 8 there was a case of somo interest— that 
of an individual who had a non-specific purulent urethritis. Ail examinations 
for gonococcal infection were negative, as was also the Wassermann reaction. 


Conclusions 

The number of cases examined is admittedly small but the findings indicate 
-that the procedure is worthy of more extended trial. Owing to the small mini cr 
of specimens available for study the experimental error of the method cou n 
be assessed. On the other hand its application to suspicious cases lias 
■a few that would otherwise have escaped detection. These cases aro pro ^ 
not important clinically if males, but may not be devoid of sigru can 

females. , r i-i u tions 

The reaction is diagnostic when fixation occurs in I : 32 and 1 : 1 0S j t { v c 

of the patient’s serum, is suspicious when positive with 1 : 1C, but n icn P 
only with higher concentrations one would hesitate to express an opuuo 
-the clinical findings were characteristic. 

I wish to thank Professor W. J. Tulloch for his valuable adAco and 
■during the course of this work. 
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SPONTANEOUS ABDOMINAL FAT NECROSIS IN A MOUSE 
Haroetj Burrows 

From the Chester Beatty Research Institute , The Royal Cancer 
Hospital (Free), London 

(Puate XCVT) 

Fat necrosis as seen m the sub peritoneal fat in man has usually been 
attributed to injury or disease of the first part of the duodenum, of the pancreas 
or its duct, or of the biliary apparatus In dogs, cats, rabbits, guinea pigs and 
rata the same sort of abdominal fat necrosis has been caused by tho intra 
peritoneal injection of fresh sterile pancreatic juice (Frugorn and Stradiotti, 
1910) Contamination with bile or bacteria, at one time thought essential for 
tho production of the lesion, was shown by this experiment to be unnecessary. 
Widespread subpentoncal fat necrosis of this hind is now generally attributed 
to the diffusion of pancreatic lipase, which splits fat into glycerol and fatty 
acids The glycerol is dissolved and absorbed and the fatty acids combine 
with various bases to form soaps , meanwhile the affected tissue becomes 
necrosed and infiltration of the surrounding tissue with leucocytes ensues 

The following example of fat necrosis, identical in character with that seen 
occasionally m man, occurred without known cause m a stock breeding mouse 
This mouse was 280 days old when killed and had borne three litters, the last of 
which was delivered 40 days before the animal was killed , the young had. been 
successfully nursed by her On the day of hor death Mr Ewers, the technician 
m charge, found that, though the mouse seemed perfectly well, she had two 
largo intrapontoneal swellings These were strikingly hard, freely movable 
and apparently painless, and might have been thought to correspond with 
tbo uterine horns No diagnosis was made and tho mouse was killed with 
chloroform At tho post mortem examination the large symmetrical swellings 
were found to bo tho genital omenta, which were bulky , hard and almost chalky 
whito, os was all the rest of the subpentoneal fat, including that around the 
kidneys and pancreas, in the intestinal mesenteries and elsewhere Neither 
free fluid nor hemorrhages were present in the abdomen In every other 
respect tho mouse was healthy, and no fat necrosis was present except in the 
subpentoneal tissue Microscopically no lesion of pancreas, duodenum, liver 
or biliary apparatus was discovered 

In mice the pancreas is a widely distributed organ, and m our microscope 
sections it was obvious that the pancreatic cells in some parts of the organ 
faded to take up a normal amount of stain It may be that these poorlj coloured 
cells represented a primary disease of the pancreas, but it seems moro probable 
that the cells had been injured secondarily by the toxic action of free fatty acids, 
liberated through the action of pancreatic lipase, on the adjacent fat with 
which the cells were in contact 
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Sections were made of the subperitoneal adipose tissue in various regions : 
they all showed the typical picture of fat necrosis. The affected areas were 
but feebly stained and showed infiltration of the surrounding tissue with 
leucocytes (figs. 1 and 2). 

The mouse has been preserved in the museum of the Royal College of 
Surgeons of England. 

Summary 

A case of generalised subperitoneal fat necrosis without obvious causo in 
a mouse which had littered 40 days previously is described. 
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THE NATURE OF NEUTROPHILTC GRANULATION 
G. Discombe 

From the Pathological Department, St Bartholomew’s Hospital, London 

If smears of bone-marrow are stained for 25-30 mins, in Leishman's stain 
(B.D.H.) buffered with a phosphate buffer containing 2 molar proportions of 
dihydrogen to 1 of monohydrogen phosphate, the stain merely rinsed off without 
differentiating and the smear blotted, then the pro -myelocytes and a few myelo- 
blasts with nucleoli show in their cytoplasm a pale-staining area around which 
the specific granules first appear. Such cells appear to correspond with t « 
myelocytes “ A ” and the less granular with the myelocytes “B ” of Sabin, an 
it would be a reasonable hypothesis that the pale-staining area contains a Go gs 
apparatus. 

Attempts to demonstrate such an apparatus by Baker’s (1944-45) calcium 
formol-Sudan black technique failed, but it was found that the specifio gran 
both of neutrophils and of eosinophils were coloured by the Sudan blue 
hence consisted largely of lipoid. It was also noted that the size, appears ^ 
and distribution of these granules were indistinguishable from thoso seen 
good oxidase preparation (see also McManus, 1945). .. ^ 

Search showed that an extensive literature clearly indicating ^ 

nature of neutrophilic granules existed and was reviewed by Senrt ( I 
Lison (1936). It appears highly probable that the localisation of dye in 
positive granules is secondary. Enzymes present in cytopl las: m ? r , , )en0 ] 
catalj'se oxidation of the reagent, and as the product of oxidation {in 
or benzidine blue) is more soluble in lipoids than in water, the hpoi 
extract the blue from the cytoplasm. As Lison points out, it IS P° s oxidate, 
the oxidase reaction depends, not on the presence or absence o 
but on the presence in the cell of lipoid in a form which can aisso v 

retain the oxidation product. nhilic crawl!* 5 

The very great difference between the appearance of neu ^ { 0 ho 

stained by Leishman’s stain and those coloured by Sudan bac • P on 

an optifact, one of the azurs (probably Bemthsen's violet) emg 
the surface of the lipoid granule, and light from the condenser ^ i( „if. 

bv the granule to form a disc of much less diameter than extract tb- 

it has been found that 6hort fixation in Leishman’s stain oe 
lipoid appreciably. Incidentally, the term neutrophil seems to oe 
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Spontaneous fat neceosis in a mouse 



Fio I. — Section through perirenal fat showing a focus of unstained (necrotic) adipo<?o 
tissue surrounded by leucocytes, x 45. 



Fio. 2.— Section through genital omentum presenting the same features as fig. 1. x 45. 
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for staining with a simple aqueous solution of BernWs violet, a basic dje 
containing no eosm, demonstrated the granules woll 

It is a matter for regrot that this iery extensive work has not reached the 
standard hiematologicnl reference books, though similar on the 

eosinophils has done so , it would have spared many norkora much fruitles, 
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THE FIXATION OF CL IVELCHII TOXIN BY SION CELLS 

G Payeino Wright and S <L Hotkins 
From the Department of Pathology, Guy's Hospital Medical School, London 

The development of local alun necrosis at tl\© site of mtradermal injection 
of toxic filtrates of cultures of Cl uclchix was described by Kloso (1010) On 
the basis of this observation he de\ isod a method for estimating tho residual 
toxic activity of toxin antitoxin mixtures which has since boon used frequently 
for the titration of preparations of this antitoxin Kloso gave no account of 
the sequence of changes which culminated in tho necrosis, but tho appearances 
of the lesions at various stages of their development ha\ o since been briefly 
described by Glenny et al (1931) The present experiments were made to 
determine how soon after its injection mtradermally, the necrotising toxin 
becomes so fixed to the tissue cells that it can no longer ho neutralised by 
antitoxin Clearly, the rate of fixation of a toxin is a factor which affects 
importantly the readiness with winch it can be countered therapeutically with 
antitoxin 

The toxin used in these experiments was prepared from a filtrate of a 
six hour culture of Cl welchn type A (S 107) in a serum peptone medium by 
precipitation with ammonium sulphate its LD 40 dose, as determined by tho 
median death time method of Ipsen (1941), was 0 4 mg for mice All the 
toxin solutions injected were freshly prepared from dried material on the day 
they were used the quantity usually employed was 1 mg in 0 2 c c of saline, 
though smaller doses were sometimes used The injections were made mtra 
dermally m the flanks of albino guinea pigs The inoculation of the toxin was 
followed at intervals ranging from 30 seconds to 2 hours by injections of specific 
antitoxin (0 1 c c of a solution of antitoxic globulins containing 200 units per 
c c ) through the same needle hole and in the same direction Since the areas 
of necrosis were often large and tended to spread rather widely in aomo animals, 
onlj six injection sites were used in each guinea pig m four of these sites the 
toxin was followed by antitoxin, and m two, placed diagonally on opposite sides, 
it was left unneutralised to produce control reactions 

The sequence of changes observed m the control sites closely resembled those 
described by Glenny ct al Those at the sites injected later with antitoxin varied 
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from no reaction when the interval was 30 seconds or 10 minutes, through a slight 
erythema when it was 20 minutes, to a full necrosis, sometimes slightly smaller 
than but usually indistinguishable from those at the control sites, when the 
interval was 30 minutes or longer. The findings in seven representative animals 
are set out in the following table. 

Table 


Shin reactions after injections of toxin followed by antitoxin 


Guinea-pig no. 

Interval between Injections 

30 secs. 

10 inln3. 

20 mins. 

30 mln3. 

Controls 

1 


tr 

± 

+ + + 

+ + + 

+++ 

2 






4~4" 

+ + + 

+++ 

3 






4* 4“ 

... 

+++ 

4 



± 

4- 4- 


-f++ 

5 

- _ 

tr 

± 

++ 

+ + 

+++ 

6 

. . 



± 

+++ 

++ 

+++ 


— 

tr 

± 

+++ 

++ 

++r 


tr = slight erythema 

j!; = erythema 3-4 mm. diameter 

-f -f- and + + + = well defined areas of necrosis 


Cl. welchii typo A filtrates usually contain two toxins, a and 0, both of w uc 
are capable of producing skin necrosis, though the action of the 6 toxin in us 
respect is much weaker than that of the a toxin (Oakley, 1943). Two pieces 
of evidence support the view that the necrosis observed in tho P^ cs ™ 
experiments was caused by the a toxin, or lecithinase, present in this recons i u 
fraction of the toxic filtrate. The first is that tho necrotising action o 
solution injected was not recognisably diminished when its 6 toxin compon 
had been removed by absorption with sheep red cells at 0 C. by t io me 
described by van Heyningen (1941). The second is that if the so u Ion ’"J , 
were brought into contact with purified lecithin for one hour at room cmp f 
" (Zamecnik et hi., 1945) and subsequently filtered until clear, it lost nil u ^ ^ 
necrotising power. The skin necrosis observed seems thus to a\ o e 

the a toxin. . , . fox ;catcd 

Although the local infiltration with antitoxin of the previous > w hich 
site after intervals of up to 20 minutes practically annu s io rc “ c ^ 
develops in an almost uninterrupted manner if the interva s nr0 0 j ac<! 

not necessarily follow that the fixation of the toxin to t e ce , j n ,. fa 
20-30 minutes after its intradermal injection. Should there o , - unccr tnin 
the union of toxin and antitoxin, it might happen that for a P en0 this 

length the two might coexist uncombined in the tissue spaces. geems fo. 
possibility has not been eliminated in the present expenmen ’ Ration of 
trinsically unlikely from our general knowledge of the ra instance it 

homologous antigens and antibodies. Moreover, m this p ^ antitoxin 

is known that the speed of combination of Cl. welchn a tox !?, solution 

is very rapid from the fact that the turbidification of a ecl _ , ^ fln titoxin. 

by this toxin is abruptly terminated by the addition of nni ex - addition of 
From the immediate cessation of the lecithinase activity P trB jisation of 
antitoxin, it seems fair to conclude that a comparab y rap flnd that the 
the toxin takes place in the tissue spaces in these exp . timc require! 
above period of 20-30 minutes probably indicates corrcc } 
for the fixation of the toxin to tho susceptible skin cc > . Ehn rply with 

The rapidity of fixation of the a. toxin of Cl> uelcJn 
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the comparative slowness with which small doses of diphtheria toxin became 
similarly fixed after intraderranl injection (Wright and Clark, 1D44). This 
difference too is reflected in the 'differences in the death times following the 
intravenous injection of large quantities of the two toxins : the minirown 
death timo with diphtheria toxin is about nine hours, while that for 01. wdcfiii 
toxin is only a few minutos. The rapid fixation of this latter toxin is probably 
associated with the prevalence throughout the body of the Buhstrato lecithin 
upon which the toxin acts : it is possible that the rato of fixation of other 
toxins may ho found to depend upon the availability and accessibility of their 
particular substrates. In any case, differing rates of fixation of toxins must 
have a significant bearing on the likely value of specific antitoxin therapy 
following infection. 
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ANTHRACOSIS OF THE LIVER 
J. F. Hegote 

From the Department oj Pathology oj the University 
and Western Infirmary, Glasgow 

(Plate XCYII) 

From time to timo, in cases of marked anthracosis of the lungs with or 
without silicosis, metastatic deposits of carbon pigment are found in the sploen, 
Hver^ bone marrow and kidneys. These deposits are usually small, only 
occasionally marked, and as a rule are blood-borne, although spread by. 
lymphatic channels may also occur, 

Tho earliest recorded instance of “ blood anthracosis ” is that of Soyka in 
1878 (quoted by Weigert, 1883), in which carbon pigment was found in the 
spleen, liver and kidneys of a man of 70 years, suffering from anthracosis of the 
lungs. Soyka formed the opinion that the carbon had passed through the lymph 
giands and thoracic duct into the blood stream. Weigert found deposits of 
carbon in the spleen and liver not infrequently in old subjects in Leipzig and 
he described tho direct entry of carbon from heavily dust-laden bronchial 
lymphatic glands into the blood stream. 

Ohkubo (1908) made like observations in a series of 44 cases of anthracosis 
and emphysema in elderly people (6th -8th decade), and emphasised the in- 
filtration by carbon of the^ walls of small veins throughout tho lung substance 
•and tho subsequent dissemination in tho blood stream. 
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We have now seen tea examples in elderly subjects (65-80) of cicatricial 
anthracotic lesions of the large pulmonary veins and arteries in the hilum of 
the lung in association with deeply pigmented and adherent hilar glands. In 
nine of these ten cases, however, there was only moderate anthracosis of the 
pulmonary parenchyma, emphysema and silicosis were absent and there were 
no metastatic pigment deposits. of note. The 10th case is hero reported on 
account of the association of gross anthracosis of the liver with characteristic 
pigmented cicatricial ulceration of the large pulmonary veins in relation to 
subjacent anthracotic and silicotic lymph nodes. 


Case report (A. 2808) 

J. D., a Lanarkshire miner aged 81, died 18 hours after excision of an 
epitheliomatous growth of the lip. Post-mortem examination showed very 
severe silicosis and anthracosis with cavitation, and antliraeosis of the liver. 

Liver. This was of normal weight and of a general greyish colour due to 
marked pigment infiltration. On section the lobular pattern was rendered 
unusually distinct by the black deposits of carbon in the poTtal tracts, while the 
intervening parenchyma was yellowish grey. In the major portal tracts the 
pigment was more distinctly seen in the lymphatic channels accompanying the 
larger portal veins, hepatic arteries and bile ducts (fig. 1). On the capsular aspect 
the injection of subcapsular lymphatics with carbon was most distinct. 

Histologically the pigment is identified both in the lymphatics of tho portal 
tracts and in the Kupffer cells, many of which are engorged with carbon (fig. 2). 
The distribution is quite irregular, differing in tins respect from malarial 
pigment, and occasionally it occurs in larger deposits. None, however, is 
contained within the liver cells. There is no distinct increase of fibrous tissue 
in the portal tracts. 

lAings. Both pleural cavities were almost completely obliterated by old, 
dense, fibrous adhesions. The lungs exhibited an extreme degree of anthracosis, 
being uniformly black in colour. In each upper lobe irregular fibrosis an 
cavitation were present. The cavities contained very soft black materia! o 
creamy consistency and had walls of cartilaginous hardness. There was a genera 
increase of fibrous tissue throughout both lungs and firmer nodules were 
frequently felt. The presence of silicosis is confirmed histologically, but ^ era 
is no evidence of tuberculosis. The bronchi show chronic catarrhal changes. ^ 

Bronchial lymphatic glands. These were small, bard and gritty, ccnsc) 
black and firmly adherent to adjacent structures, especially the larger pu^ 
monary veins. The pulmonary arteries were relatively healthy and s '°w 
little atheromatous change. . . , n 

Pulmonary veins. The larger pulmonary veins showed foci of pigmen^^ 
and scarring, which in a few instances had proceeded to ulceration. >° ^ 

form of the lesion appeared as a grey patch on a smooth intima ; in a cr ^ 
the pigmentation was greater and the intima varied from Irons uce . 
slightly wrinkled to opaque and scar-like. With the latter there was CSK j 
of the lumen. Occasionally, instead of indrawn radiate seaming, a < 
black plaque surrounded by a grey scarred border was found. 0 
portion was uneven, but otherwise, for the most part, smoo 1 0 ~ ere 
reflecting, although it felt rough and gritty. Three frankly ulcera c “ 
noted in the large veins in each lung. These appeared as deep J 1 0 f 

patches, with marginal radiate puckering indicative of the c ten w ulcerated 
the lesion ; the surface was only smooth in part, the remain er 
(fig. 3). The subjacent lung tissue was densely fibrous. j, gj an t!s. 

Histologically, sections of the veins, including the subjacen . ^j v 
show the latter in a state of advanced nnthraco-silicosis an c appears 

with the wall of the vessel. In the earlier lesions, where ie 
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rio 3 — A deeply pigmented cicatricial 
patch is fihowni m a major branch of a 
pulmonary vein The upper and lower 
parts of the patch are ulcerated , the 
middle portion 13 smooth but depressed 
The vein wall, being fairly translucent, 
appears diffuse! j grey owing to the 
intensely black subjacent lung sub 
stance X2 5 


Fio 4 — Section of an antliracotic scar similar to 
that shown in fig 3 In the right half of the field 
the vcm wall is infiltrated with carbon pigment On 
the left there is ulceration with destruction, m one 
part, of the entire thickness of the wall and discharge 
of carbon from the subjacent accumulation (Just 
outside the vem at this point there was an anthraco 
silicotic nodule in an adherent lymph gland ) 
Weigert’s elastic tissue stain and eosrn X 8 
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greyish to the nakod-oye, the wall of the vessel is only partially penetrated by 
pigment; there remains o thin unpigroented layer which has cither not. yet 
been penetrated by the carbon or which has later grown over the deeper layers. 
Jn tho darker parts the pigment reaches the lumen of the vessel. The advanced 
lesions show at the periphery of tho darkened area much undermining and 
infiltration of tho adventitia by carbon. As tho centre is approached more 
and more of the media and finally tho intima become impregnated. At the 
ulcerated edge free discharge of carbon into the lumen has occurred (fig. 4). 
The base of such a lesion is densely fibrosed, being part of the periphery of the 
anthraco-silicotic nodule which has ruptured into tho vossol. The small vessels 
show varying degrees of carbon infiltration. In many instances, more especially 
in the veins, the infiltration affects the entire circumference and in places the 
entire thickness of tho wall, so that there is much carbon in tho intima but 
probably less getting into the lumen. As in silicosis, obliterntivo changes, even 
up to occasional complete occlusion of tho lumen of the small vessels, is present. 

Spleen, Small amounts of carbon are present in tho phagocytio cells of the 
pulp and in the perivascular lymphatics of the arterioles in tho Malpighian 


bodies. 

Bone marrow, No pigment is seen in the portions of rib and femoral bone 
marrow examined. 


, JDiecussion 

While carbon may reach tho liver and oven the spleen via the lymphatics 
from surcharged pulmonary lymphatic glands, tho large amount sometimes 
found in these organs, as well as itB occasional presence in the hone marrow 
and kidney, suggests that dissemination via the blood stream is tho rulo. The 
appearances in the lungs in the present case are in agreement with tho findings 
of Ohkubo and of Weigert, namely infiltration of the walls of tho pulmonary' 
veins, small and large, by carbon, with direct escape of the pigment into the 
circulation. 

In the dust diseases the lymphatic glands of the lungs otc often fused with 
the walls of the larger pulmonary vessels. In exceptional instances they are 
firmly fused even to tho walls of tho vena cava, or vena azygos. Tho extent of 
the fusion varies ; it may affect one side of tho vessel only, or, rarely, surround 
it completely. On opening the affected vessels, tho points of fusion correspond 
to lesions involving most or all of the thickness of their walls. As regards the 
changes occurring at these points, accumulations of carbon and silica particles 
within tho lymphatic glands Bet up an inflammatory reaction which results in 
tho destruction, partial or complete, of tho lymphoid olomonts. The formation 
of a cellular granulation tissue involves the gland, its capsule and the vessel 
wall, and the destructive and reparative processes, each in varying degree, give 
rise to the different appearances, early and late. The absence of thrombi in 
tho email ulcerated lesions is probably explained by the too rapid blood-flow 
in thoso large vessels. 

That e.ueh venous lesions will always be found in cases of anthracosis of the 
spleen and liver cannot be stated with certainty, since, while these form ports 
for a limited discharge of carbon — limited by reason of cicatrisation — -tho 
condition may be so far advanced that the stage of ultimate cicatrisation has 
been reached, obliterated branches alone remaining. However, having regard 
to the fact that metastatic deposits of carbon in the liver, spleen and bone 
marrow may bo minimal or even absent in cases where largo pigmented cicatrices 
or ulcers occur in tho major pulmonary' veins and arteries (as in 9 of our cases), 
it would appear that the visceral carbon deposits are largely occasioned by the 
extent and degree of the carbon infiltration of the walls of tho email veins in 
the lung substance. 

In conclusion, having regard to the part played by silica in the genesis of 
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the lesions of the larger pulmonary veins, it is interesting to remark the absenco 
in this ease of metastatic silicotic deposits in the liver and spleen. In general, 
these are rare in comparison with anthracotic deposits. Thus as regards the 
liver we know of only one example in the literature, that of Welch (1891), 
who under the title of cirrhosis hcpatis anthracotica described a peculiar nodular 
form of widespread cirrhosis “ dependent upon the presence of coal-pigment ", 
There is no doubt from Welch’s description of the rounded, pigmented, relatively 
acellular sclerotic nodules that they were frankly silicotic foci. Silicotic deposits 
in the spleen are also rare (Edinger, 1932 ; Belt, 1939). 


Summary 

In a case of marked pulmonary anthracosis and silicosis, ulcerativo lesions 
of the larger pulmonary' veins were present, allowing the escape of carbon into 
the circulation, and the liver showed a remarkable ^degree of anthracosis in 
consequence. The essential features are described and illustrated. No metastatic 
silicotic deposits were encountered. 
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A MOTILE ORGANISM OF THE PLEUROPNEUMONIA GROUP 

C. H. Andrewes and F. V. Welch 
From the National Institute for Medical Research, London 

(Plate XCVHI) 

Early in 1944 we inoculated a number of mice with material believed 
contain typhus rickettsiaj. In fact, no rickettsim were present, but one 0 ^ 
mice developed circumscribed lung lesions. From pieces of this lung cu ^ 
in Hartley’s broth containing 10 per cent, horse serum, we grew on org 
of the pleuropneumonia group. 


i broth 


c r 


Cultural characters 

The organism grew satisfactorily at 37° C., either in tliis horse * cru ™ enlin 
or, rather better, in 5 c.c. of Lovinthal broth to which 1'5 c.e. o 0 “ 
was freshly added. The supernatant fluid became slightly opa cs ^ 

3 or 4 days after inoculation, a very small granular deposit appea 
bottom of the tubes. Subcultivation was carried out by P'P® —jj-ph 
this deposit into a fresh tube, and so on, about every 7 days. •• * u bation on 
colonies, scarcely visible without a lens, appeared after 3 or 4 1 T,cvintlial' 3 

10 per cent, horse scrum agar (fig. 1). Better growth was obtain 0 pouring, 
medium made with 1 per cent, agar and mixed, faimodia e j flt the 

with horse serum (1-5 c.e. to 5 c.c. of medium). The condensat.on 




Plate XCVIII 


Fig. 1: — Appearance of colonies on surface of sonim agar: 3 days' growth. xC". 

Figs. 2-G. — These show tho appearances of cultures under dark-ground illumination. 
In figs. 3 and 4 are depicted the forms which best show motility. To the left in 
fig. 3 is a motile organism which had temporarily come to rest ; it had been moving 
towards tho right of the field. In figs. 2, 5 and G tho organisms otd aggregated 
into small masses of spheres ; fig. 6 shows in addition tho highly refractiia 
appearances which suggest the presence of cholesterol, ns described in cultures 
of tho LI organism by Partridge and Klienebcrger (1941). XloilO, 
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bottom of a slant of this soft medium was particularly rich in organisms. 
Subculture was best effected by cutting out from a Petri dish a square of agar 
well covered with colonies, inverting it on to fresh medium and pushing it to 
and fro over tho surface (Ivlionoborger, 1938). No growth occurred in liquid 
or solid media in the absence of serum. 


Microscopical appearances 

We have chiefly examined ‘the deposit from broth cultures or from tho 
condensation water of slants by dark-ground illumination, using a high-angle 
dark-ground illumination (Beck) with N.A. 1*20. Tho organisms resemble others 
of the group in showing large numbers of globules of various shapes and sizes 
(figs. 2 and 6) ; filaments and granules aro relatively scarcer than in cultures of 
Klieneberger’s LI organism. 

We failed in one attempt to filter the organism through a gradocol membrane 
(A.P.D. 0*GG ft), nor did we succeed in preserving it by drying from tho frozen 
state. 

Motility 

Cultures, especially primary ones from mouse lung, showed varying numbers 
of motile organisms. At times thei*e wero many of these in every field, at other 
times they required prolonged search. Strings of globules connected by short 
filaments could be Been moving steadily across the field, or a globule with a 
short linear stalk would go forward, the stalk in advance, bending slightly 
from side to side as if feeling its way forward, or a sphere with a projection on its 
circumference would constantly rotate in one direction. Whore a colony clump 
of spheres was present one globule might bo seen to detach itself and move 
off, or another might approach, enter the cluster and settle down into immobility. 
Tho motility was almost exclusively to be seen where the organisms were in 
very close relation to the slide ; they seemed as though crawling in a single 
plane and were able to move against or across tho stream of a gentle convection 
current. When they became 'detached and subject to violent Brownian 
movement, true motility was no longer evident. Careful study failed to show 
any evidence that tho motility depended on the presence of flagella, and indeed 
the motion as if along a surface would not fit well with such a view. The 
mechanism remains therefore obscure ; it is probably akin to that of some 
motile myxobacteria. We observed at times that the stalk preceding a moving 
sphere showed evidence of a wave of thickening passing along it. 

Motility became less the longer cultivation in vitro was carried out, though 
it was detected up to the Gth subculture. Passage through a mouse could be 
carried out by intranasal inoculation under ether and recovery of the organism 
from the lungs a few days later. During tho earlier subcultures this procedure 
effectively revived the motility of tho strain, but after more subcultures, motility 
was apparently permanently lost, though growth in vitro proceeded without 
difficulty. 


Pathogenicity 

Intranasal inoculation of deposits from broth cultures produced lesions 
which macroscopically and microscopically resembled those described by Edward 
(1940) os produced by the pleuropneumonia-like organisms which he recovered 
from normal mice. Circumscribed greyish-red lesions were seen in the kings, 
especially at the hila, when mice were killed at intervals from 6 to 23 days after 
inoculation. Intenso perivascular cuffing formed the most striking histological 
feature, but polymorphs were present as well as mononuclears, and (in contrast 
to Edward’s findings) there was some damage to bronchial and broncbiolar 
epithelium. Attempted serial passage through mice did not enhance the 



580 


A. R. MARTIN 




pathogenicity of the agent ; indeed, lesions usually became less on transfer, 
and it was not always possible to recover the organism from the Junes. The 
agent was not pathogenic when inoculated intracerebrally or intraperitoneallv. 


Comparison with other organisms 

The motile organism may prove to be identical with one of Edward’s, though 
ours seems to have grown better on solid media than Iris. We did not carry out 
a serological comparison. On one occasion we detected motility in a culture, 
obtained from a mouse’s lungs, of an organism corresponding to L 5 (Findlay 
et al., 1938). This produced “ rolling disease ” on intracerebral inoculation in 
mice. On plating-out and picking colonies, however, we satisfied ourselves 
that this was a mixed culture of L5 and a motile organism. The pure L5-like 
agent was non-motile, nor was the motile organism pathogenic on intracerebral 
injection. 

Summary 

We have recovered from the lungs of mice a pleuropheumonia-liko organism 
showing motility. Flagella have not been detected and the mechanism of the 
motility is undetermined. We are unaware ‘of any previous record of motility 
in this group. 
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THE USE OF MICE IN THE EXAMINATION OF DRUGS FOR 
CHEMOTHERAPEUTIC ACTIVITY AGAINST MYCOBACTERIUM 
TUBERCULOSIS 

A. R. Martin 

Imperial Chemical Industries Ltd., Biological Laboratories, 

Hexagon House, Blackley, Manchester 

The published experiments on the chemotherapy of tuberculosis havo u ^|!j 
been carried out in guinea-pigs or (less often) in rabbits infected cxperirnc ^ 
or else upon naturally occurring cases in man or animals. The scarci } 
reports in contrast to those dealing with the chemotherapy 6 0 f 

and pneumococcal infections is an indication of the difficulty o us ^ 
experiment. As usually conducted, each guinea-pig experiment m y 
from 6 to 12 months and involves the consumption of a very con ^ 

quantity of the drug. The desirability of a therapeutic test whic l J jj , e 

a large number of chemical compounds to bo'evaluated in a sho > j om - n 
expenditure of a minimal amount of the drug, was stressed by j. » „ 

(1942) and Youmans and McCarter (1945). The following accoun 
test which has been found satisfactory from these points of view, a corn pj e tcd 
enabled the preliminary examination of about 200 compoun s o 
during the last 18 months. 
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The basis of the new method is the regularity in survival time which is 
observed when a group of mice is infected intravenously with large doses of . 
Mycobacterium tuberculosis. With doses of 1 mg. (moist weight) of the organism, 
mean survival times ranging between 17 and 27 days have been observed. The 
data obtained in these laboratories from 21 experiments of this typo are set out 
in table I and graphically in the figure. 

Table I 


Results of infecting mice intravenously with 1 mg. of Mycobacterium tuber- 
culosis, “human” type. Detailed results of 21 experiments. All mice 
untreated 


Expt. 

no 

No. of 
mice In 

Number of mice dead on day 
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survival 
time Jn 
days * 
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IS 
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5E 

5 
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S 

1 

1 

7 
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B 
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• All survivors taken at 32 days (see page 583) 


It will bo seen that 96 per cent, of the infected mice died between the 16th 
and 31st days after inoculation. The lung lesions observed under these 
circumstances have been described by Schwabacher and Wilson (193G-37) and 
by Stamatin and Stamatin (1939). 

Statistical analysis of the data in table I shows that the standard deviation 
of the survival time for individual mice varies between 2*1 and 3-0 days. The 
difference between the mean survival times of control and treated groups 
(both consisting of approximately 24 mice) which would be required for signifi- 
c&nce at the 19 to 1 level (p = 0*05) under these circumstances varies between 
1*3 and 1*8 days. 

When the inoculum is reduced below 1 mg, the mean survival time of 
infected mice soon increases very rapidly. This is shown in table H, -where 
the effects produced by inoculating groups of 24 mice with falling weights of 
organisms are recorded. 

Other experiments have shown this increase of survival time to bo due 
to the rapid development of a measure of resistance by the infected mice. This 
resistance arises as a result of infection with a very small dose of organisms, 
and is shown by the marked increase in survival time which such “ immunised ” 
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mice show to subsequent reinfection with 1 mg. of organisms. When the 
interval between a small, protecting infection of 0-01 mg. and the ’subsequent 
large inoculum was varied between 4 and 30 days, it was found that a marked 
degree of resistance was developed when this interval was 10 days or more. 



DAYS AFTCft INOCUUATIONJ 

Graphic representation of the data of table I 


Table II 

j Deaths resulting from macula of 1-0, 0-1 and 0-01 mg. of Mycobacterium 
tuberculosis given intravenously to groups of 24 mice 


Group Inocula 


No. of deaths on day 

18] It)! 20 2l] 22] 23j 2lj 25 ! 2oj 27] 28f 2oj Sol 31 35 So! 45 


1-0 mg. 3 3 4 8 1 1 1 2 


B 0-1 


1 2 2 4 3 3 3 


Surviving *«, j 

70 days (te " ] 

' J 19-1 days | 

i 

0 22'6 j 

19 >~0 « j 


Having ascertained the characteristics of the untreate 1 j. j t vas of 
produced by the intravenous injection of 1 mg.'of tuberco .^j ucnce by 
interest to know whether this rapid infection is suscep i of 

drugs. The conditions which have been adopted as etan nr . 0 j- c hcmo- 

experiment and which have led to the successful demons below, 

therapeutic action with 4 : 4'-diaminodiphenyl sulphono are 
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Experimental ditails of the- method 

Stock cultures. Tho strain of organism used, which we have called 905, was 
selected from 23 freshly isolated human strains, each of which was first examined 
for mouse virulence by tho intravenous injection of 1 *0 mg. and 0*1 mg. of growth 
on Lowenstein’s medium. Stock cultures were grown on L&wenstein’s medium 
and kept in the refrigerator. The stock was renewed every three months from 
organisms dried by the lyophilio method. Batches of 10*20 cultures on 
Lfiwenstein’s medium in 1-oz. acrew-cap bottles, sown from the refrigerated 
cultures, have always given rapid and abundant growth provided attention was 
given to the maintenance of an adequate Btipply of air. Cultures were 17-22 
days old when used. 

Preparation of suspensions . Suspensions were prepared by milling a weighed 
amount of growth removed from Ldwenstein’a medium in bottles containing 
small steel balls. A total of 15 minutes’ milling— at first dry and then with the 
requisite amount of water — gave suspensions which were satisfactory for tho 
purpose. 

Selection and inoculation of mice. In each experiment mice of tho same 
sex 18-24 g. in weight were used. They were randomly distributed into the 
various groups three at a time until each group consisted of 24 mice. Each 
group was housed in two largo cages each containing 12 mice. All mice were 
then infected intravenously with 0*1 ml. of tho suspension (containing 1 mg. 
of organisms) prepared as described above. As a furthor safeguard against 
changes in technique or in the stability of the suspension, one cage of each 
group was infected first, followed by all tho second cages in order. 

Hosing and recording of deaths. Except for special purposes, drugs wero 
administered by mouth, dissolved or suspended in water, using a no. 0 Kecord 
needle with a smoothly rounded end as a catheter. In general, doses wore 
given twice daily commencing, with untried compounds, about 1 hour before 
infection and continuing until the first mouse in tho control group died with 
well developed lung lesions. Any deaths which may have occurred before 
this were ignored and all deaths occurring after this timo were ascribed to tho 
specifio infection. Deaths were recorded once daily. 

Assessment of results. Where there is 100 per cent, mortality in all groups, 
comparison of therapeutic effect should be made on the basis of differences 
between the arithmetic mean survival times of treated and control groups. 
Tliis may still be done when there are some survivors, these survivors being 
assumed to die on the day following the period of observation. This is made clear 
by the example given in table HE. In these circumstances the increase in mean 
survival time required for significance is calculated in the usual way (Fisher, 1944). 

When one group contains survivors, a better estimate of the magnitude of 
any effect produced may be made on the basis of the median survival times, 
i.e. the times taken for 60 per cent, of tho animals in the treated and control 
groups to die. The median survival time is estimated from a smoothed probit- 
cumulative distribution curve by tho method of Bliss (1937), who also gives 
a method for assessing the significance of an effect estimated in this way. This 
alternative method is recommended when the control group contains more 
than 6 survivors. 

The difference in reliability between the two methods ia small, the former 
being the more reliable. The same basis of comparison, mean or median, should 
be used for all groups in any one experiment. 


Demonstration of a chemotherapeutic effect by 
the method described 

The results of a chemotherapeutic experiment carried out under the conditions 
described are shown in table ITT. The substances used for treatment wero 
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4 : 4'diaminodiphenyl sulplione and two solubilised derivatives, whoso con. 
atitutions are as follows. 

i- ^O so < / ms 

4 : 4'-diaminodiphenyl sulphone. 


n. 


nr. 


NaSO a .CH.NH/" 

I V 

(CHOH) 4 

I 

ch 2 oh 


>°< 


-\ 

-/ 


NH.CH.SOjNa 

I 

(CHOH) 4 


CH,OH 


bis-N-sodium dextrosebisulpbite derivative of I. 


NaSO, 


■ CH.NH< ^ S0 2 ^ >NH.CH. 


SO.Na 


CH 3 CH 3 

bis-N-sodium acetaldebydebisulpliite derivative of I. 


Table XU 


Results of a chemotherapeutic experiment 
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UntreaW 

Drug used 
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Dose in mg./20 g. given twice daily 

1 
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22 

23 

19 

23 

24 

22 


infection with tubercle bacillus 







it i 

No. of survivors at 30 days 

2 

1 

1 

0 

0 

i 

~ i 

(assumed to die on 31st day for 
purposes of calculation) 







l 

Mean survival time (days) 

23-0 

24-1 

23-8 

24-0 

22*1 

23-5 


Increase 1 [a) Observed 

1-1 

2*2 

1-9 

2-1 

0-2 

1-0 

i 

in moan \ 

survival j (b) Required for signifi- 
time (days) J enneo (for p = 0-05) 



! 

1*8 


, o of coinpoan f i 

It will be seen that the groups treated with 2 mg. an tng- 
I and with 20 mg. of compound II — which corresponds o 
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Hinshaw and Hoses, 1942) — showed a significant increase in mean survival 
time when compared with the controls. Compound III (British Patent 
no. 55G.901) produced an increase in survival time (at a dose of G mg.) which 
statistically was not quite significant. The doses of compounds II and III 
were chosen because previous estimations of the blood levels of free diamino- 
diphenyl sulphone resulting from their oral administration approximated to 
those achieved by a dose of 2-3 mg. of compound I. It is felt that these results 
are almost the best obtainable under these conditions, because repeated doses 
of 3 mg. of compound I produce very marked hyperexcitability (especially at 
the beginning of the course) and some mice — four in the present experiment — 
usually die as a result of the toxic action of the drug. 

Although the increases in mean survival time shown in the example quoted 
are small, they are statistically significant and repeatable, and they serve to 
demonstrate the practicability of the method. Considerably larger increases 
in mean survival time have been obtained in other experiments by the use of 
compounds unrelated to diaminodiphenyl sulphone. It is hoped to report 
these results in detail in the near future. 


Summary 

Observations on the response of mice to graded intravenous doses of Myco- 
bacterium tuberculosis, “ human " type, show that small doses (e.g. 0*01 mg.) 
rapidly induce a condition of high resistance to reinfection with a large dose. 
A dose of 1 mg. given in this way to mice not previously infected causes the 
death of 95 per cent, of the animals in approximately 21 days. 

This rapidly fatal infection forms a convenient basis for the preliminary 
assessment of the chemotherapeutic power of drugs. An increase in mean 
survival time of treated over control animals of 1-2 days is significant at the 
p = 0*05 level. The method of standardisation of manipulative details which 
makes tliis practicable is described. 

A typical experiment using 4 : 4'-diaminodiphenyl sulphone and two 
solubilised derivatives demonstrated significant increases in mean survival 
time of the treated animals as compared with the controls. 

I thank Dr E. Hoggarth (Research Department) for the supply of chemical 
compounds and Dr O. L. Davies (Statistical Research Section) for guidance 
and assistance with the statistical aspects of this work. 
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616 . 46 — 002 . 951 . 3 (Wuchoreria) 
FILARIAL EPITROCHLEAR GLAND 

G. S. W. pe S AsiAsi and M. V. P. Pxebis 
From the Colombo General Hospital, Ceylon 

(Plate XCIX) 

Clinical summary. The patient, a girl aet. 14, had complained of pain and 
numbness in the right arm and pain over the back of the right shoulder for 
about l year. There was loss of sensation to cotton wool and pin-prick over tiie 
inner aspect of the lower third of the right arm and upper forearm. Tho palpebral 
fissure and pupil of the right eye were smaller than those of tho left. The 
following lymphatic glands were palpably enlarged: — the upper and low 
jugulars on both sides, the central and pectoral groups of the right axilla and 
the central group of the left axilla- The right epitroclilear gland was enlarged 
(I in. in diameter), movable and tender. It was excised for microscopical 
examination. The liver and spleen were not enlarged. Tho peripheral blood 
was negative for microfilaria: and the absolute eosinophilic blood count was 
within normal limits. 

Microscopical findings. With the low power, tire excised lymphatic gland 
shows marked follicular and reticule-endothelial hyperplasia will: much 
eosinophilic infiltration. There is some fibrosis, especially peri-glandular ami 
surrounding dilated lymphatic vessels in which numerous sections of an adult 
filaria can be seen, cut in various planes (fig. 1 ). Under tho high power, numerous 
coiled up basophilic microfilaria: can be made out in some of the worm segments, 
lying free in the interior of the uterus (fig. 2), the strongly eosinophilic double- 
contoured wall of which stands out prominently. Tho lymphatic space enclosing 
the worm contains also some albuminous material, many lymphocytes and an 
occasional eosinophil cell. 

Remarks. The case is interesting in that while an adult worm with micro- 
filaria in utero is demonstrated in the excised epitrochlear gland there is neif icr 
a licemic eosinophilia nor demonstrable microfilaria in the peripheral blow • 
Nor is there evidence of the typical allergic response to tho parasite in 10 
affected lymph gland, which shows neither necrosis nor giant-cell reaction- 
There is also a remarkable absence of constitutional symptoms in spite 0 
widespread Iymphadenopathy. It is impossible to say whether tho in csta it 
is one of Wuchercria bancrofti or TP. malayi. both of which are found m c} 
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THE BONE-MARROW IN NORMAL PREGNANCY 
Sheila T. Callender 

Nuffield Department of Clinical Medicine, Oxford 
(Plate Cj 

Reports on the appearance of tho bone-marrow in norma! 
few' and the views expressed by' different observers nre n0 m ^.g. crfn , f 
Eorssell (1939) and Pitts and Packham (1939) found no sigmmw^ 

Between marrow counts in pregnant and non-pregnant women, mal . e y, 

observations were made chiefly on women in the early mon 




Fig l — Low power view of epitrochlear lymph gland show mg two different portion* 
of the adult filar la, ono cut transversely the other obliquely, Ijing within a dilated 
Ij mphntto channel The lymphoul tissue gene mil j is much fibrosed 



Fio 2 — High power view of tho transierso section of the filaria show mg numerous 
microfilarias ift the interior of the uterus. 
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and Pitta and Paokhftm aspirated 10 c,c. of material and -would thus tend to got 
a greater dilution -with blood. 

At the other extreme Dimiacluj (1930) reported a shift to the left of the 
granular series, becoming more marked os pregnancy advanced, and an. 
apparent megaloblastic reaction in the marrow, reaching a maximum at the 
seventh or eighth month of pregnancy. The percentage of cells classed as 
megaloblasts in his series of 32 patients varied from 0*1 to 1 per cent. Ho 
used as his standard of comparison tho normal figures obtained by Arinkin. 
Russo (1937) also classified some cells as megaloblasts in making counts on 
tho bone-marrow of normal pregnancy, but admitted that these were large 
cells in mitosis whose nature could not readily bo determined. 

Hansen (1937-3S) compared his results with tho normal ranges of Segerdahl 
and Nordensen and deduced that there was a shift to tho left o? the grammar 
series. Ho also thought that increased erytliroblastic activity was indicated 
by tho occurrence of clusters of macro-normoblasts, but he found no megalo* 
blasts. It should be noted, however, that Arinkin’s figures for tho normal 
range differ considerably from those of Segerdahl and Nordensen and if Daniacluj 
and Hansen had reversed their choice of normal figures they might have been 
led to different conclusions. 

Markoff’s (1939) studies wore purely morphological. Ho again found no 
megaloblasts, but he observed an increase in erythropoiesis, with tho formation 
of islands of normo- and macrobiosis. This commenced in the second month 
and reached a maximum in tho sixth month of pregnancy. In the white cell 
scries ho found giant pro-myelocytes from the second month onwards, and in 
addition some nnisocytosis among the 103 * 0 ! o- and metamyelocytes. He also 
noted an eosinophilia in the marrow after the sixth month and a plasma cell 
type of reticulum cell reaction beginning as early os the third month and 
reaching its height from about tho sixth month onwards. The value of these 
observations, which are illustrated by excellent photographs, would bo greatly, 
increased if there were some indication ofdhe number of patients investigated. 

Personal observations 

The following observations wero made on nineteen healthy pregnant and 
puerperal women. None of them showed any anremia at the time of sternal 
puncture (the lowest hemoglobin value was 84 per cent.), and they” were all 
followed tliroughout' pregnancy and remained perfectly fit. Four of the women 
who had been first seen before the third month of pregnancy had a second 
eternal puncture shortly before delivery (R. H., J, A., J. R., and E. B. in fig. 1). 

On each marrow a differential count was made on 500 cells. For comparison 
with non-pregnanfc women of the same ago group, counts were made on the 
marrow from ten healthy volunteers- 

In view of the suggestion made by previous observers that an erythroblastic 
reaction is seen in tho marrow* in pregnancy, especially in the later months, the 
percentages of the red cell precursors (pro-erythroblasts and erythroblasts) 
have been, platted agevast the duStfioa of pregv.eswy vn Ifig. 1 ). The 

non-pregnant and puerperal groups are included in the same diagram. No 
clear relationship is shown hy this means. The question lias, however, been 
further investigated by* statistical methods. 

The l test (Fisher, 1944, p. 120) was used to compare the percentages of red . 
ceil precursors in the following pairs of groups ; — 

I. Non -pregnant- and pregnant women. 

H. Non-pregnant and puerperal women. 

HI. Non*pregnanfc women and women in the last eight weeks of pregnancy. 

IV. Four women (R. H., J. A., J* R- and E. B.) early in pregnancy and the 
same women late in pregnancy. 
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The results of I and II have no significance (P between 0*4 and 0-5, and 0-5 
and 1-0 respectively). In m, on the other hand, P lies between 0'05 and 0-02. 
The suggestion that this is significant should, however, be made with reservation, 
for it must be remembered that many uncontrollable factors entor into the 
making of marrow smears and differential counts. In such circumstances it 
would be safer to accept as significant only probability values of 0-01 or under. 

The results of IV failed to show any significant change in the percentage 
of erythroblasts in the marrow of the patients in whom sternal puncture was 
made both early and late in pregnancy (P between 0*1 and 0-2). 

The x“ test (Fisher, 1944, p. 85) was used to determine whether there was 
any shift to the left of the erythroblast series in the latter half of pregnancy. 
The frequencies of pro- and basophil erythroblasts, and polychromatio and 



WEEKS Of PREOTJAMCV 

Fig. 1. — Scatter diagram of the percentage of red cell precursors in relation to tfcs 

duration of pregnancy. 


orthochromatic erythroblasts Were considered in relation to tho first an 
second half of pregnancy. The results did not indicate any significant c ian_ 
(P>0-7). 


Morphology 

In commenting on the morphology of the marrow, it is important to > ^ 

in mind the variations which may he encountered in normal non P - ^ ^ 
women ; otherwise undue emphasis may be laid on points wine i °PP t ' 
constitute deviations from the normal. . cnouzk 

In some of the pregnant, puerperal and non-pregnant Bcries, 
fragments of marrow were obtained for sections to be prepared. ^ ^ a 
variation in cellularity was observed in each group, hut there appea car iy 
tendency towards slight hyperplasia in the lato weeks of pregnancy 
days of the puerperium (figs. 2 and 3). { ; l0 elian^ 

Tho smears were carefully examined with a view to aetcc fc preview 
alleged to be associated with pregnancy and commentc .on • . m ,( Ur » 

observers. In some cases occasional largo erythroblasts f l0 ”, , - vc j.. c,--?iiy 
hajmoglobinisation were present and pro -erythroblasts were a’ 

found. None of tho nucleated red cells could, however, 
megaloblasts. 
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BONE ‘MARROW IX PHEGXANCY 



Fto. 2. — Section of sternal marrow m a non- Fio. 3. — Section of sternal marrow in a patient 
pregnant woman. X 480. 36 weeks pregnant, x 480. 



Fio. 4.— Group of reticulum cells of plasma coll type in a patient 35 weeks pregnant 
XllOO. 
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In individual smears erythroblasts occurring in clumps, occasional large 
pro -myelocytes and groups of plasma cell type reticulum colts were found 
(fig. 4). These were possibly all more noticeable in the later months of pregnancy 
‘ and in the early days of the puorperium. They were not, however, 
constant findings and similar observations could be made on some of the 
smears from the non-pregnant control group. 

It would appear, therefore, that any changes induced in the marrow as 
the result of pregnancy are not sufficiently striking to justify descriptions of a 
characteristic “ marrow of pregnancy 

Summary • 

The eternal marrow of nineteen healthy pregnant and puerperal women, and 
ten non-pregnant womon has been examined. Statistical analysis of the 
differential marrow counts fails to give any conclusive evidence that there is 
an erythroblastic reaction in pregnancy, but examination of sections suggests 
that there may be slight hyperplasia in the late weeks of pregnancy and early 
days of the puerperium. 

I am grateful to Professor Witts for his advice and to Dr Scott Russell for 
his help with the statistical analysis. My thanks aro also duo to the volunteers 
who were the subjects of this investigation. 

The tables of differential marrow counts have been deposited with the 
Librarian, General Library, British Museum (Natural History), London, S.W.7, 
and are available for reference there. 
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THE INDUCTION OF MAMMARY CARCINOMA IN “IF” MICE BY 
CUTANEOUS AND INTRAPERITONEAI. ADMINISTRATION OF 
METHYLCHOLANTHRENE 

John W. Orr 

From the Department of Experimental Pathology 
and Cancer Research, University of Leeds 

Mammary cancer can be induced by methylcholanthrene in mice belonging 
to strains which do not develop it naturally. This occurs not only as a local 
response when methylcholanthrene is injected into the breast, but also as a 
remote effect when it is injected into the opposite side of the body (Strong 
and Williams, 1941), or when it is administered intranasally to anaesthetised 
mice (Orr, 1943). As regards strains which have a natural incidence of breast 
cancer, Engelbreth-Holm and Letevre (1941) and Engelbreth-Holm (1941) found 
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that 9 : 10-dimethyl- 1 : 2-benzantliracene and methylcholanthreno respectively 
accelerate the appearance of tumours in Little’s dilute brown Btrain. Kireclibaum 
cl al. (1944) have since shown that “percutaneous” applications of methyl- 
eholanthrene hasten the onset of mammary cancer in strain Dba mice, the 
average induction time in breeding females being reduced from 370 to 106 days. 
The present communication reports the results of the treatment of n cancer- 
resistant strain of mice with methylcholanthrene by routes other than intruna?nl. 


Experiment I 


Thirty-seven virgin female IF mice of the 18th to tlio 21st generation of 
inbreeding were used. Methyl eholanthrene was applied to the surface of the 
body as a 0-5 per cent, solution in sweet almond oil. Of this solution, 10 drops 
‘(4 on each side of the ventral and dorsal surfaces) were applied, an average 
dose of 0-25 ml. = 1-25 mg. of methylcholanthrene. Tho treatment was 
repeated at fortnightly intervals. In most cases the mice were killed shortly 
after the appearance of breast tumours. 

Mammary carcinoma occurred in 30 of these mice. The earliest tumour waft 
found after 111 days’ treatment. Of the mice which did not show mammary 
carcinoma 3 died before the llltli day, 3 more before tho 126th day, and l 
was killed at 118 days when clinical examination revealed tumours in tho 
mammary region which on histological examination proved to be not mammary 
carcinomata but lymphomata. It may thus he held that mammary carcinoma 
appeared in every mouse of this group which had received adequate exposure to 
the carcinogen. The last tumour appeared after 170 days’ treatment and the 
average induction time was 140 ±2-9 day's. The initial ago of the mice ranger! 
from 27 to 80 days (mean 46±5-3), and there was no evidence that its magni- 


tude affected the induction time. 

An interesting point was the multiplicity of tho tumours. As only nnimnh 
in which attempts at breeding wore being made were kept alive, the totnl 
number of tumours per mouse is presumably smaller than it would have been 
had all been allowed /to survive. -On the other hand, it frequently hnppenc* 
that multiple tumours were first observed simultaneously' or almost so : t 10 
mouse with 8 tumours, for example, only survived the first finding of a tumour 
by one week. The number of tumours in individual animals ranged from to 
(mean 2-9^;0-4). The proportionate frequency with which tho tumours uere 
distributed in the various mammary regions was much tho samo as is natura j 


found in cancer strains. _ • o • nh 

Pulmonary metastases were found on microscopical examination in - nnim ^ ’ 
which survived the appearance of mammary tumours by r 41 and 44 days , on.^ 
one other mouse was allowed to survive so long. In neither caso nero 
Bmall secondary deposits recognised by the naked eye. Multiple pu ^ 
“ adenomata ” were present in 20 instances ; this is a much higher inn ^ 
than is ordinarily' encountered in this strain. In one caso they' ncc0I *? t ] ie y 
secondary deposits of mammary carcinoma. Only' in one nnimn ve ^ 
present in the absence of mammary carcinoma (the mouse vu 1 
mammary lymphomata previously mentioned). The mean m< uc ' . oj& , 
for mammary cancer in the 19 mice with associated ptdmonap ^ ;j, 
(152;— 3-8 days) was greater than for the 11 without (139 ±3 ’ more 

seems unnecessary to attribute this difference to factors other inn 


prolonged treatment in the former group. , . . mflrn nV>ry 

Attempts were made to determine whether tho tendency to p f thc=o 

cancer after this treatment was transmissible to the offspring. <r Tho 

mice wero mated with brothers, but in no caso did concop ion - j nvcn ><rs 
duration of treatment before mating varied from 86 to • - ; n 0 

2204-7-6 days). Mating took place before tho appearance 
instances, immediately after it in 3. 
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It 13 somewhat surprising that in this group only one skin tumour occurred, 
a papilloma of neck which appeared in 183 days, 13 days later than tlio 
latest breast tumour It is evident that methjlcholanthrone applied in this 
way induces breast cancer more rapidly than skin cancer, as was the case with 
intranasal administration The latent period for skin tumours is much longer 
than when o benzene or acetone solution is opplied to the interscapular skin 

Multiple lymphomata were found m 4 mice, of which 2 also had mammary 
carcinoma 

Eleven control mice were similarly treated with almond oil alone none 
developed tumours 

Experiment II 

In the IF strain skin tumours are induced by hydrocarbons more rapidly 
■than m other mice Reasons were given in a previous paper (Orr< 1943) for 
discarding the viow that the carcinogen may reach the breast tissue from the 
nipple along the ducts But as the mammary tissue is deriv ed from the epidermis, 
a further experiment seemed necessary to test the effect of methj Ichalanthrene 
■on the breast when the method of application did not in\ olve contamination 
of the skin It was therefore decided to administer the carcinogen by mtra 
peritoneal injection, and 10 mice received 0 25 ml of the nlmond oil solution 
by this route The following daj all were dead or dying , this was attributed 
to toxicity of the solvent 

A solution of 0 5 per cent methylcholanthrene m arachis oil was therefore 
•substituted, and 0 25 ml was injected intrapcritoneally at fortnightly intervals 
into a group of 12 female IF mice of the 2lst and 22nd generations Precautions 
were taken to avoid contaminating the skin and fur, and if a drop of oil escaped 
from the needle track on withdrawing the needle, as occasionally happened, 
it was immediately removed with cotton wool before it could spread The 
initial age of the mice ranged from Cl to 74 days 

Only on© of these mice de\ eloped mammary carcinoma, a result which 
nevertheless seems important in view of the fact that none of them survived 
treatment more than 113 days (mean survival time 102 ±4 days) In the positive 
•case two mammary tumours were observed on the 105th day in the left 
abdominal breasts Histologically they belonged to usual types, one being 
mainly of solid polyhedral celled structure with much squamous metaplasia, 
the other mamly papillary adenocarcinoma, also with squamous metaplasia 
It will bo observed that the mammary tumours appeared earlier than had been 
■observed m previous experiments, and the result must be regarded as rather 
fortunate in consequence The early death of the mice m this group seemed to 
be attributable to direct effects on the peritoneum m nearly all cases there 
was chronic inflammation with an exudate of “ chylous 1 type, presumably 
due to the injected oil The most marked reactions were in the region of the 
hilum of the spleen, where lesions were found which were regarded m tliree 
instances as granulomata and in two as sarcomata Pulmonary adenomata 
were found m only one mouse of this group 

Observation of untreated mice 

A female IF mouse of the 22nd generation which had received no treatment 
Was found, at the age of 2S0 days, to have an ulcerated tumour outside the 
Toot of the left hind leg On section, the tumour tissue was soft and necrotic 
Histologically it was a carcinoma, partly adenocarcinomatous and partly solid 
m structure, and comparable in appearance with marqmary carcinoma .The 
.site was a possible though unusual one for a breast tumour, and if it was indeed 
Buch a tumour it was the first to have occurred in the IF strain As the present 
■experiments were carried out in the belief that mammary carcinoma does not 
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occur naturally in IF mice, it beeamo important to observe an untreated 
control group. 

All surviving untreated near relatives of the affected mouse were taken. 
The parents wore dead and tumour-freo. Tliero n-ero available a sister from 
the same litter, 2 elder and 2 younger sisters having both parents in common, 
7 half sisters (samo father), and a few males of similar relationship. There 
were also set aside some 43 less directly related females. These 65 females 
nnd a considerable number of mnles liavo been kept under observation but 
no further mammary tumours have been observed ; some of tho females are 
over 500 days old. It therefore seems justifiable to conclude that tho tumours 
induced by mothylcholanthreno aro not tho precocious expression of an inherent 
tendency. 

Summary 

Fortnightly cutaneous applications of mothylcholanthreno dissolved in 
almond oil induced mammary carcinoma, frequently multiple, in 30 out of 37 
fomnlo mico of tho breast-cancer -rasistant IF strain, Tumours developed in all 
mice surviving treatment, for 120 days or more. The mean induction time was 
140±2-9 days. Pulmonary motnstnses vero found in 2 cases. Pulmonary 
“ adenomata ” vero found in 19 animals. 

In traperi tone/il injections of mothylcholanthreno in sesame oil induced 
mnmmary carcinoma in one of 12 female IF mico after 105 days. Tho maximum 
survival period vas 113 days, 

A possible breast carcinoma was found in an untreated TF fomnlo for the 
first time. Prolonged observation of a largo group of more or less closely related 
mico has revealed no further example. 

I am indebted to Dr Goorginna SI. Bonscr for providing tho mico for these 
experiments nnd for carrying out tho attempts to breed from tho treated anima '- 
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OBITUARY NOTICES OF DECEASED MEMBERS 


George %ces Ua\>lor 

Bom 26th June 1897. Died 9th March 1945 

George Lees Taylor, who died on 9th March 1946, at the age of 
47, will be remembered as a pathologist who, during the relatively 
short period of sixteen years, greatly advanced our knowledge in the 
field of serology, with special reference to the antigens of the red 
corpuscles in relation to genetics. 

Ho was bom at Ashton-under-Lyno and educated at the Manchester 
Grammar School, where ho acquired a knowledge of Latin and Greek, 
a possession which he cherished throughout his life. As a Btudent of 
the Faculty of Medicine in the University of Manchester his industry 
and energy won him distinctions in anatomy, pathology and surgery. 
After graduation in 1920 ho was house surgoon to Sir William Tliorbum 
and house physician to Professor G. R. Murray at the Manchester 
Royal Infirmary, and obstetric house surgeon at St Mary’s Hospital, 
Manchester. The next seven years wero spent in genoral practico, but 
in 1929 he decided to return to the laboratory and became a research 
student in the Department of Pathology in Cambridge. In 1930 he 
was elected John Lucas Walkor Student and in the following five 
years published, with G. S. and M. E. Adair, a number of papers on 
the quantitative relations of antigen with antibody in the serum 
precipitation reaction. His thesis for the Manchester M.D. degree 
was accepted with commendation and ho was later admitted to the 
Ph.D. degree of the University of Cambridge. In 1939 he was 
admitted a Member and in 1944 a Fellow of the Royal College 
of Physicians of London. In 1936 he was chosen by Professor 
R. A. Fisher to direct the serological unit of the Galton Laboratory 
at University College, London. This appointment gavo Taylor 
an opportunity to apply his great knowledge of serology and 
particularly of serological methods to the investigation of the 
antigens of the red blood corpuscles in relation to genetics. Faced 
with new interests and new problems Taylor applied his originality, 
ingenuity and scrupulous accuracy to the investigation of genetics by 
tlio method of hemagglutination, and he had already mado important 
contributions to our knowledge of tho distribution of the A! and A 2 
subgroups and of the M and N types when, on tho outbreak of war" 
tho Medical Research Council transferred him and his colleagues to 
the Pathology Laboratory at Cambridge to bo responsible for tho 
control and supply of blood-grouping Beta for the armed forces and 
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civilian liospitals. The provision on a large scale of high-titre grouping 
sera called forth Taylor’s gifts for leadership and organisation, and his 
success in this work of great national importance established the 
<3 niton Unit as the laboratory of reference to which problems and 
difficulties in blood grouping were submitted from all parts of the 
country. Despite the heavy claims of routine work on his time and 
enorgy Taylor continued his researches. Further work was done on 
the A x and A 2 subgroups and on the M and N factors and in 1942 
there appeared the first of a series of important papers on tho rhesus 
factor, first roporled by Wiener in 1939. With R. R. Race, Taylor 
described soven allelomorphs of tho rhesus factor and four antibodies. 
Tho twelve papers published jointly by Taylor and liis colleagues on 
tho rhesus factor comprise tho most important of his contributions to 
science and will remain as a memorial of his originality of mind, os of 
his ingenuity and great technical skill. 

The work published in forty* papers during the last sixteen years of 
Taylor’s lifo 1ms advanced our knowledge of serology and especially 
of hremagglutination in relation to genetics and his death in middle 
ago and at the height of his powers is a grievous loss both to the 
science of pathology* and to his many friends. 

His single-hearted devotion to his work was an example to all of 
us but, busy as he was, ho could always find time to help his friends 
and tho ever-increasing number of colleagues who sought his advice 
by letter or by* visit to his laboratory* in Cambridge. He was an 
excellent teacher and obviously* enjoyed his gift for the exposition 
of difficult problems. This he showed in his written papers, in us 
spoken communications to societies and on less formal occasions w en 
ho was the centre of a group of interested students. His skil as a 
physician, derived from tho years spent in general practice, uas 
always at the service of his colleagues and of members of the labora ory 
staff, and ho was perhaps never happier than when called on to rea 
their minor ailments. Generous and unselfish in all his under 
he will long be remembered by oveiyone whoso happiness ’ as 
to count him ns a friend. ®* EAl 
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frauds ffieoi’Qe fiDncnnuobton 

1891-1943 

Frakcis Georoe Macwaughton was born in 1891 near Airdrie' 
Lanarkshire, and was educated at Merchiston College School and 
Edinburgh University. He graduated M.B., Ch.B. in 1914 and M.D. 
l'n 1921, being commended for his thesis. During tho war of 1914- 
1918 he saw service in France and West Africa and on demobilisation 
worked in tho Bacteriology Department of Edinburgh University. 
In 1921 he wont as pathologist to tho Clinical Bcscarch Institute at 
St Andrews, founded by Sir James Mackenzie. After two years he 
went to Leicester and entered general practice. He remained there 
until his death in 1943. In spite of the cares and duties of a busy 
practice he still retained a great interest in pathology and its applica- 
tion to medicine. He is survived by a widow, and three children 
by in's first wife. 
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The bacterial cell in its relation to problems of virulence, immunitj 
and chemotherapy 

By Bene J. Dubos, with on addendum by C. F. .Robinow. 1945 
Cambridge, Mass ; Harvard University Press: London; Humphrey 
Milford (Oxford University Press). Pp. xix and 460 ; 21 text figs, and 
22 plates. 86. 

This important book is the outgrowth of a course of oight lectures 
delivered in Boston m 1944 and deals with fundamental problems con- 
cerning the biochemical architecture of the bacterial coll and its relation 
to the infectious process. In the opening chapter there is a general 
discussion of the complexity of the bacterial coll, the biological nature 
and phylogeny of bacteria and the limitations of the direct and indirect 
methods used m the study of cellular structure. The chief shortcoming 
of the indirect approach to cytology, utilising chemical and biological 
manifestations as guides to the recognition of morphological structures, is 
that it depends entirely upon the interpretation of results to establish the 
place of these structures m cellular organisation. But, aa the author points 
out, the history of science provides many examples of the fruitfulness of 
indirect methods and much of the work discussed m subsequent chapters 
is concerned with the utilisation of such methods. In the chapter dealing 
with the cytology of bacteria, attention is focussed on aspects which 
appear to have a bearing on pathogenicity. Cell granules, nuclear material, 
spores, coll envelopes and capsules, flagella, cell division and colonial 
morphology are discussed with emphasis on recent findings obtained by 
new techniques There is an interesting chapter on the physico-chemical 
behaviour of bacteria , the reactions of bacteria to slams and especially 
to the Gram staining teclmique are discussed at length as cytocheraical 
reactions revealing the probable physicochemical structure of bacteria. 
But as the author observes later “ few cytological reactions possess sufficient 
specificity to give chemical definition to the objects they reveal ”, Xn 
subsequent pages thore is an account of the cellular structure of bacteria 
aa revealed by enzyme reactions and of the value of serological analysis 
and bacteriophage action m determining the nature of bacterial antigens 
and their place »n the architecture of the cell. The antigens associated 
with the flagella and bodies of the salmonella bacilli aro considered jn 
detail and some pages aro devoted to the immunological and enzymic 
analysis of tho structure of pneumococci, a field in which the author has 
been especially interested. Variations of tho bacterial cell have been 
considered m relation to tho growth ejelo and to tho effect of the environ- 
ment on tho production of adaptive enzymes and of non transmissible 
modifications. Discontinuous variation m regard to biochemical activities 
or antigenic structure would appear, on the evidence available, to arise 
m most cases by a process of selection of forms normally present m the 
parent bacterial strain. The need for new experimental methods to obtain 
accurate evidence on tho controversial issues concerning life cycles of 
bacteria is stressed In a section devoted to tho transformation of pneumo- 
coccal types it is suggested that this transformation provides an authentic 
instance of a genetic mutation brought about by a specific treatment and, 
if tho substance which induces transformation is really desoxyribonucleic 
acid, as the evidence strongly suggests, then nucleic acids of this type must 
bo regarded not merely aa structurally important but as functionally active 
room, or mir—iot. lYMi m 2 r2 
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in determining the biochemical activities and specific characteristics of 
pneumococcal cells. The nature of virulence has been nnnhrod chiefly 
in relation to the structure of the bacterial cell, its antigens,' ioi-ins and 
metabolic products, its variability and adaptability, but the importance 
of tho reaction of the host in the infective process is not overlooked. 
Virulence is not to bo considered as a permanent intrinsic property of a 
given species but “expresses only tho ability of a given strain of the 
infective agent in a certain growth pltaso to produce a pathological state 
in a particular hod when introduced into that host under well defined 
conditions Immunisation against infections >> naturally reviewed in 
relation to (ho antigens and toxins produced by bacteria, but some space 
is given to a discussion of the reaction of antibodies with bacteria and 
their toxins, tho preparation of immunising antigens and the appraisal 
of immunising efficacy. More than sixty pages are devoted to bacteriostatic 
anti bactericidal agents. The mode of action of antiseptics is discussed in 
relation to tho chemical and physical nature of thc=o substances and the 
chemical groupings and enzyme reactions of bacterial cells. Although a 
good deal is known about different ini susceptibilities of different bacterial 
groups, as for example tho selective notion of toxic agents against cither 
Oram-positive or Gram-negative bacteria and tho extraordinary resistance 
of ncid-Fnst bacteria, there are only a few cases in which the chemical 
composition of the cell can bt\ correlated with susceptibility to n given 
agent. Tho author suggests that, nit hough most of the studies of the 
mechanism of action of antiseptics on' bacteria have been concerned 
exclusively with the inhibition of catabolic reactions, synthetic activities 
and the process of cell division may in many cases bo more susceptible and 
the first to he affected. Illustrative examples of the action of certain anti- 
septics on the metabolism of bacteria are given and current views on the 
mode of action of sulphonmnidos are discussed. This chapter concludes 
with sections on the mechanism of drug fastness and on chemotherapeutic 
agents. In the final chapter on trends and perspectives there is a ^ 
general review of tho historical development of knowledge concern®- 
bncterin. and more especially of the nature of specificity and the signi fancc 
of bacterial variability. . . 

In an addendum on the nuclear apparatus and coll structure o 
shaped bactcrin, C. F. Robinow gives an account of the techniques 
and tho results of recent cvtological studies on bacteria and their ' 
there are eight plates of excellent photomicrographs, some of w 11C ! 
already appeared in this author’s original papers. 

Tho bibliography, occupying 70 pages, contains over a t ,0U5a ® ., an( j 
and serves to illustrate the comprehensive treatment o « .. f _ 

dovdoping field of knowledge by an author who has bimse mnt ® . 
able contributions to several aspects of tho brond subjec w * . ^ 

so ably and critically presented. Tin's is an informative an ^ 

book ; while it covers n wider field and is rather differen 1 " 

of approach, it is a worthy companion to Burnet s irus 
which appears in the same series of publications. 


Introduction to tho electron microscope 

By F. E. J. Ockukden. 1946. London: Williams and 
Pp. 24 ; IS figs, on 8 plates and 9 text figs. 2s. M. ^ ^ 

Electron microscopy is ft now and not. very ensj jfone- 

need for simplified accounts for tlie benefit of non p Q KUC |] u new- 
graph 'of the Quekett Microscopical Club xn 10 P . ^ ; m re bO- s 
though hnrdly, wo think, in as illuminating a w J {0 tlm (iiy 

. adopted. Too much timo is spent on more familiar cone y 
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ad\ antnge of the less familiar and really important points of comparison 
with the optical microscope, ■winch are sometimes obscured m half truths 
and sometimes even expressed incorrectly, as -when (p 18) it is said that 
the equivalent wavelength of an electron is proportional to its spaed 
Tito illustrations, however, are reproduced \ery well and there is a useful 
bibliography, but the revolutionary new teolunque of shadow casting, 
recently developed by Williams 'and Wyekoff, apparently came just too 
late to b6 included 

Pure cultures of algos their preparation and maintenance 

Bj C G PiUNGSiiEm > 194G Cambridge at the University Press, 
Pp xu and 119, frontispiece and 8 text figs 7s Od. 

This little booh is an exceptionally interesting ono of its kmd Whereas 
the special techmquea required for growing bacteria and fungi m pure 
culture were devised relatively early owing to the practical importance 
of the organisms to man, the vast assemblage of related forms known 
collectively as the fresh water alg-c have only recently begun to bo treated 
m the same way It might bo supposed that tho natural habitats of lake, 
pond, ditch, stream, puddle, mud or damp rock might be easier to imitate 
in the laboratory than the natural environment of disease producing 
organisms Experience has however belied this expectation and an extreme 
degree of patience and ingenuity lias been required before any but a minute 
fraction of tho organisms involved could bo grown in pure culture That 
Dr Prmgsheim has succeeded bey ond tho lot of mo3t is partly duo to green 
fingers and a flare for his subject but ones no less to originality and 
patience A vast amount still remains to be discovered, but so much 

s helpful practical experience is collected together m this little volume that 
it should maho the culture df algo a practicable laboratory routine If it 
does so, pure science will benefit enormously, for many of those little 
plants are difficult to study adequate!} m the fie M, although of great 
interest m many connections It may also be expected that tho more 
orthodox student of tho mailer organisms may find a use for some of 
Dr Pnngdieim 8 shifts and devices m ways not nt first thought of Tor 
these alone it is worth possessing I Manton 

Science versus cancer 

By I BrnENnnuM 1940 London Books Ltd Pp 11G, 14 figs on 
8 plates fis 

For tho special purpose for which it is written, namely to inform tho 
layman of tho known facts of the cancer problem m language which ho 
can understand, this booh w well and clearly written, freo from exaggeration 
or sensation To day there is undoubtedly a popular demand for easily 
assimilated knowledge m scientific matters of all kinds, medical and 
otherwise, which, in its sphere, this book should satisfy 

The specificity of serological reactions 

By Kari Landsteineu Roused edition, 1945 Cambridge, Mass , 
Harvard Umvorsity Press London , Humphrey Milford, Oxford University ( 
Press Pp xn and 310, 0 text figs 28s 

This reused edition of Landstemer is almost fcwico as largo as the 
anginal Tho subject matter liaa been brought up to date throughout 
and tho whole text has been thoroughly revised, there are few pages 
of the first edition which have been retained without alteration In the 
introductory chapter a few pages devoted to a brief consideration of 
immunological phenomena and nomenclature are a useful addition The 
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chapter on serological specificity of proteins has been considerably extended 
to include recent work on plant proteins, toxins, bacterial' proteins 
hormones, enzymes and viruses, and much new material has been added 
to the chapter on the nature and specificity of antibodies. A new chapter 
is dovotod to detailed consideration of the different in-vitro antigen-antibody 
reactions and this is followed by the final chapter contributed by Dr Lima 
Pauling on molecular structure and intermoleculnr forces. With thorough 
revision of and addition to the text, the bibliography has increased to over 
two thousand entries ; nevertheless, this comprehensive treatise is far 
from being n dull catalogue of the literature and there can be few relevant 
papers which have been overlooked in a clear and critical presentation of 
nil aspects of tlio subject, to which the author made such outstanding 
contributions over many years. 


Diagnostic procoduros and roagonts 

Second edition, 1045. New York: American Public Health Association. 
Pp. vii and 540 ; 31 text figs. §4. 


Tho second edition of tins book purports to “ offer to the student a 
broad concept, of tho biology \of the diseases discussed, to bring to the 
public health laboratory worker the recent technical practices which are 
significant in tho recognition of thoso diseases and to provide for the 
epidemiologist, basic information which co-ordinates tho laboratory and 
field investigator”. Extensive revision has been carried out and 1SI 
pnges of text, comprising nine new chapters, have been added. These 
chapters, which undoubtedly' greatly enhance the value of the book, 
include chancroid, lymphogranuloma venereum and granuloma inguinale; 
helminths and protozoa ; blood culture ; glanders; anthrax; trichinosis; 
infectious mononucleosis ; malaria ; and cholera. The book as a whole, 
however, still lacks balance, ns if the authors, in spite of tho preface, had 
not yet decided its scope. On the one hand tho render is guided meticulou: j 
through various tests and surrounded by injunctions of tho most elementary 
character, c.g. “ Boforo the plates are inverted, make sure that the me mm 
has solidified ” (p. 204) ; “ All glassware, media, etc. aro sterile and mn ^ 
with the usual precautions to prevent contamination ” (p- 202). a 
other hand, tho performance of cortnin complicated tests, sue i as 
Wossormann is loft entirely to individual choice. Again, if the ve D . 
consideration given to diphtheria is a measure of what the an * ors . . 
a laboratory should do, then there nro no valid reasons for the on " 


in tho treatment of other subjects. _ , prnwn n 

The insistenco on tho need for standardisation in the a *’ „ j 0 
test, will meet, with general approval, but the discussion of >0 ^ ^ 

secure this end is inadequate and 1ms little value for the eg ^ 

absence of precise instructions for carrying out tho to s . * ^ r[1 . 3 t 

greater uniformity in tho results of various laboratories ' ID jaimu® 

until the multiplicity' of methods now in use is reduce technique 

and until laboratories agreo to use a standardised procc ,lr ffl j> ere d 

and reporting. Tho Amorican Public Health Association, i- 5 

by partisanship and uninfluenced by tho dead hand o ' 
an ideal bodv for sponsoring such a procedure. ernissk* 

Tho value of tho book to the epidemiologist is essenea > - ng 0 f the 
of all information on streptococcal typing one p lfl S , gen s ucce=S‘ 
salmonellm and staphylococci. All of these proce ^ ; tI1 porf ance: 

fully’ employed in epidemiological studies and are o 16 e ^ re garded ^ 

but if they aro deemed insufficiently well at es * fl ppendh. 

routino measures, they could with advantage o in . (ion of Water 

as is done in the ease of “ Standard Methods for the Examine 
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and Sewage ” Tina would at least keep tlw epidemiologist informed of tho 
‘ shape of things to come ” 

In the treatment of tlio agglutination reaction in tho diagnosis of 
enteric fever neither tho hearing of tho stage of the disease On the results 
nor tho importance of demonstrating a rising titre, especially in inoculated 
subjects is sufficiently stressed Hie state of tho serology of tho mannitol 
fermenting group of dysentery bacilli is surely not so chaotic os to warrant 
complete exclusion from the text Tho serology of the salmonella} is dealt 
with only in a perfunctory manner The chapter on tho typing of tubercle 
bacilli has been considerably improved by tho addition of cultural methods 
A statement of how to prepare anthrax infected hides, wool, hair, soil, etc 
for examination by cultural and animal inoculation methods w ould hav o been 
an advantage, as well os of the effect of heat on tho Bpores Glanders, a 
comparatively raro disease, has now received notice, but plague and 
relapsing fever, which are much commoner, are not mentioned 

With the greatly increased scope and usefulness of this edition, tho 
objectives set out in the preface come much nearer to realisation than 
before and there will undoubtedly bo a considerable gam in popularity 
Books of this nature must of necessity be subject to constant revision 
nnd addition, and doubtless futuro oditions will become more self contained 
and show less tendency to refer tho reader to outside sources for information 
on the latest technical advances and their epidemiological implications 

Sternal puncture a method of clinical and cytological investigation 

By A PineV and J L Hamilton Paterson Third edition, 1940 
London William Heinemann (Medical Books) Ltd Pp xv and 80, 13 
plates (12 in colour) and 2 text figs 15s 

A casual glance at this book m a shop w ould probably lead to a purchase, 
for the format is superficially attractive and tho coloured plates, when not 
closely scrutinised, would suggest an invaluable laboratory companion 
But a more dotailod inspection would reveal many disappointments and, 
to the experienced luematologist, many deficiencies Tho student will look 
in vain for a critical discussion on tho mdications for sternal puncture, an 
operation which is not usually performed without definite reason The 
house physician, about to carry out his first sternal puncture, wall find 
himself in trouble if lie follows the crude instruction to use a 20 or 25 c c 
syringe and expel “ tho whole of the contents of the syringe ” (? 20 or 25 c c 
amount not stated) into a watch glass The hamnatologist will find that the 
quantitative aspect of marrow cellulanty is completely neglected and yet 
no qualitative analysis can bo complete without reference to tho accepted 
normal quantitative limits in relation to age Indeed, when viewed from 
the utilitarian aspect, tho text and plates suggest a greater familiarity with 
theory than with practice For example, in throe plates illustrating the 
marrow in untreated pernicious amemia, in an early stage of treatment 
and at a late stage, tho fields are nicely arranged to contain early, inter 
mediate and late megaloblostB respectively Yet it is well known that n 
megaloblostic marrow may revert to normoblastic erythropoiesis within a 
few hours of beginning appropriate treatment The giant stab cell is 
mentioned, but not illustrated One is informed (p 40) that “ hyper 
chromin ” — a phenomenon which is a mathematical entity depending upon 
size nnd which is never literally visible— is “always soon” These, and 
other features, inevitably jar upon those who have practical experience 
of sternal puncture examinations Only an uncritical credence could place 
confidence m n much padded text which appears to express what ought to 
be found m a specimen according to modern hematological conceptions, 
rather than what is found in practice 
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Toxtbook of bacteriology 

By Edwin 0. Jordan nml Wii.lt am Buiuiows. 14th ed. 1945. London 
and Philadelphia: W. B. Saunders Company Ltd. Pp, xvii nnd 909; 
238 text figs. (1 in colour) and 4 plntes (2 in colour). 35s. 

This well established textbook, appearing niter nn interval of four 
years in its 14th edition, has been brought right up to date. There is 
no attempt to confine tho book to bacteriology in the stricter sense of the 
term. It is rather a treatise which will bo valued alike by medical students 
nnd laboratory workers, covering as it does tho whole field of invasion of 
tho human body by parasitic forms. Tho last 250 pages are devoted to 
chapters on medical mycology, medical parasitology, the rickettsias and 
the viruses, inchitling bneteriophnge. The chapter on medical mycology 
is one of the best in tho hook ; that on parasitology includes tho metazoa! 
as well ns tho protozoal parasites, nn unusual feature in n bacteriological 
textbook. 

Tho illustrations are numerous nnd for the most part excellent, including 
a number of electron photomicrographs of viruses, bneteriophnge, etc., 
and n particularly useful coloured pinto illustrating tho appearance of 
colonies of various dermatophytes on Snbouraud’s agar. 

Tho discussion of tho applications of bacteriology in industry, which 
was a special feature of earlier editions, lms been sacrificed to the introduc- 
tion of now matter, hut tho chemical aspects of bacterial metabolism are 
extensively discussed in a considerable chapter on bacterial physiology. 

Few critical comments need bo made. There is no mention of the special 
valuo of sodium desoxycholatc in bile solubility tests for pneumococci, 
tho photomicrograph of C. hofmannii on p. CCS is far from convincing, 
the statement on p. 90 that all attempts to demonstrate H s O. in cultures 
of nnnorobes hnvo failed suggests that tho literature on this subject ia.-> 
not been very carefully perused ; tho statement that II. pertussis pro uce> 
larger colonies than //, -influenza' on Bordet-Gengou medium conflicts vn * 
tho oxperionco of mnny in this country ; there is no mention of the mar e 

inhibition of II. pertussis on heated blood ogar, which differentia es 
clearly between recently isolated strains of that bacillus and t ioso 

7/. influenza:. , client 

These, however, aro minor criticisms. Altogether this is on ex^ ^ 
book which will deservedly retain a high plneo amongst tho many g 
textbooks of medical bacteriology. 



PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

6f/t and 6th July 1040 

» 

The seventy-second meeting of tlio Society was held in the University Buildings, 
Forcsterlull, Aberdeen, on Friday mid Satui day, 5th and Gtli July 1940 

Communications and demonstrations 

Those marked with nn asterisk aro abstracted below 

R. A. Willis. Torulosis. 

D. F. Cawlll and Marjory N. McFarlanf. Inclusion bodies in tho organs 
of infants. 

A. IX Morgan. A case of amjloidosis of lymph nodes. 

A. H. Cruickshank. Observations on bronchioctnsis in laboratory rats. 

J. C. White. Tho cytoplasmic basophilia of bone marrow colls. 

J. R. M. Innes, A. L. Walpole and H.’B. Parry. Tho effect of alloxan in 
sheep with and without ligation of tho pancreatic duct ; comparison of the 
kidney lesions with tho cortical necrosis of lambs duo to Cl. welchit. 

It. J. V. Pulvertaft and G. Lumb. Antiseptics and bacteriolysis. 

G. It Cameron, J. H. Gaddum and R. H. D. Short. Absorption of toxic agents 
by the nose 

J. Cruickshank. further studies of bacteria with mobile colonics 

R. D. Stuart. The lytic property of leptospiral immimo serum. 

J. A. H. Wylie. An electron microscope study of loptospirrc. 

A. Felix. Some problems in tho Vi phage typing of S. typhi aud paratyphi B . 

*J. Ungar. Penicillin esters and their action. 

J. F. Heggie, T. G. Maguire, M. M. Bull and It. M. Heggie. Comparison 
of tho results of the routine standard Wossermann reaction and Kahn 
test with reference to the introduction of penicillin in the treatment of 
syphilis. 

A. W. Downie and K. R. Dumbell. Tho isolation of variola virus on tho 
chono allantois of tho chick embryo. 

*1. Lominski, IX Harper and I. Isaacs. Tho production of acetylmethylcarbinol 
by streptococci. 

J. W. Howie. Experimental modification of anthrax spore infection. 

J. W. McLeod, M M. Smyth and N. Walker. Observations on tho Harper- 
Cawston effect — promotion of sulpbonamido action in in fro m tho presence 
of horse blood. 

J. S. Young and Harry D. Griffith. Tho mechanics of embolic dissemination. 

G. A R. Kon, R. J. C. Harris and A. Had Dow. Growth inhibitory and 

carcinogenic effect of derivatives of 4 ammostilbene. 

P. R Peacock. Multiple small basal coll carcinomata ; their bearing on tho 
letiology of cancer. „ „ 

Folke Henschen. Hyperostosis frontalis interna (Morgagni’s syndrome). 

T. Crawford. A peculiar c aso of necrosis of the hver with ossification and 
peritoneal involvement — ? diagnosis. 

H, A. Sissons. Specimens of torulosis. 

605 



606 


PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 

R. D. Stuart. A method for maintaining gonococcal viability in specimens for 
culture. 

J . S. Young and Harry D. Gnmrm. Hydrostatic model designed to study the 
formation of parenchymatous emboli. 

J. Cruicksnank . Different types of mobilo colonies. 

W. Forbes. Primary carcinoma of tho pituitary with metastatic spread to 
the liver in Cushing’s syndrome. 

H. G. Hebpleston. Calcium necrosis of tho skin. 

J. R. M. Innes and D. McFakeank. Ostcogonic sarcomata in animals. 

Widliam ^l. Davidson. A negative pressure apparatus for bleeding rabbits. 

J. H. Dibee. Tho radiographic study of arteries in gangreno^of the extremities. 

H. <T. Parish and A. T. Glenny. Tho preparation of diphtheria antitoxin and 
prophylactics (cinematograph film). 

C. 15. Lumsden. Two rare types of mediastinal cyst : (1) teratomatous cyst- of 
mediastinum ; (2) congenital diverticulum of trachea. 

J. S. Young. Yet astatic hypernephroma of thyroid. 

W. 11. McMenkmey. * (1) Multiple cavernous lueninngiomata of spleen. (2) 
Hydradenoma of vulva. 


Abstracts 

615 . 778 (Penicillin esters) 
THE ACTION OF PENICILLIN ESTERS 

<T. Ungak 

London 

As water-soluble penicillin salts have two undesirable properties— quick- 
absorption and excretion in the urine — it 1ms been suggested that oil-soluble 
penicillin esters would have certain advantages. Being wafer-insoluble, f 10 
esters injected in an oil suspension would bo slowly absorbed, thus maintaining 
blood levels for longer periods. 

It was assumed that tho esters aro hydrolysed in tho body by an enzyme, 
esteraso, nnd that freo penicillin is continuously liberated. Tho early observation 
of Moyer cl al, (1943) that tho methyl ester of peniciltin is hydrolysed in mic 
was confirmed in my experiments. , 

Mico injected intramuscularly with an oil suspension of inothjl es cv . 10 ' 
penicillin levels in tho blood nnd urine. Mico infected with Streptococcus ,rt ’ 
lyticim and treated twice daily with penicillin esters survived at the 881,10 
as infected mico treated with sodium penicillin. Tliero is, how over, n 
specificity in tho ability to hydrolyso penicillin esters. In « c ,tlon . j g 
guinea-pigs and rats are able to do so, but not rabbits. Plasma 0 , ^ 

which hydrolyso penicillin esters contains an esteraso nnd this o SDnf \ 1 . m 

possible tho determination of species which arc able to liberato P°”| {0 

tho ester. Human plnsma does not contain tho esteraso nnc ® i CO rro- 

demonstrate freo penicillin in man injected with 75 mg. of m j jujnan 

sponding to 100,000 units of penicillin salt) failed. R« . show any 

subjocts fed with high doses of tho methyl ester of penicillin 1 ^ benzyl 

blood lovols of penicillin. Tho claim, therefore, that me 15 ® . r pon jciUffl 

esters aro of valuo as a method of prolonging tho therapou ic 0 
cannot bo substantiated. 
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PRODUCTION OF ACETYLMETHYLCARBINOL 
BY STREPTOCOCCI 

I wo Lominski, E M Harper and A Isaacs * 

From the Department of Bacteriology, University and 
Western Infirmary , Glasgow 

The production of acetylmethylcarbinol by members of the Streptococcus 
group does not seem to have attracted attention In the present study 20 
strains of Enterococcus and 140 strains of Streptococcus wore examined for 
production of acetylmethylcarbinol Only heat sensitive strainR (lulled by 
exposure to 00° C for 30 minutes) were included in the Streptococcus group 
All strains were classified according to their action on 5 per cent oxalated 
unheated horse blood agar under aerobic conditions Of the enterococci 12 
were non haemolytic (Streptococcus facalis) and 8 liaunolytic (Streptococcus 
durans) , the Streptococcus group comprised 00 beta, 40 alpha and 34 gamma 
strains 

For the Voges Proslcauer reaction the organisms were grown in glucoso 
phosphate poptone water (Reps , 1039) and tested on the first, third and fifth 
day of incubation by the method of Barntt (193G) (The validity of the Barntt 
test as an indicator of the presence of acetylmethylcarbinol in cultures has been 
generally accepted and the question as to whether the roaction might be due 
to metabolites other than acetylmethylcarbinol has not been in\ estigated ) 

All Enterococcus strains, regardless of their action on blood, gave a positive 
Voges Proskauer reaction (see Barntt (1030) who found that Streptococcus 
J recalls ga\e a positive Voges Proskauer) In the Streptococcus group the 
reaction was negativo in all beta strains and positive m all but one alpha and 
m all gamma strains The reaction was thus inversely correlated with haemolysis 

The intensity of the V P reaction varied with the strain, strong reactions 
predominating and being comparable with strong reactions as gi\ en by members 
of the Aerobacter group Weak reactions occurred particularly with strains 
which grew poorly m the medium The production of acetylmethylcarbinol 
appears to depend, as in the Aerobacter group (Barntt, 1037) on oxygenation, 
and to bo ml in the absence of oxygen However, exceedingly low tensions of 
oxygen, compatible with the growth of B tetam, may cause a faintly positive 
reaction Also, when a culture has been growm anaerobically, short subsequent 
contact with atmospheric oxygen (shaking for one hour) suffices to produce a 
positive reaction The mechanism of production of acetylmethylcarbinol by 
streptococci will be discussed in a later publication 

Wo are indebted to the Rankm Research Fund for a grant towards the 
expenses of this work 
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* T*"* wwk camed out during the tenure by A I of a McCunn Medical 
Research Scholarship 
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MULTIPLE CAVERNOUS HAEMANGIOMATA OF SPLEEN 

W. H. MoMenemey 
Worcester Royal Infirmary 

A sixty -fivo-year-old man, a retired labourer at a machine-tool factor}’, 
was admitted to the Royal Infirmary, Worcester, on 17th February 1946 in a 
state of extreme orthopncca and died a few hours later. For several years he 
lmd lmd dyspnoea on oxertion, with cough, sputum and occasional hemoptysis. 
The findings at autopsy included bilateral bronchiectasis with fibrosis of the 
lungs, terminal pneumonia with abscess formation, anthracosis of hilar nodes, 
early perilobular cirrhosis of the liver, subacute focal oesophagitis, a solitary 
hmmangioma of tongue lying posteriorly in tho midline, and splenomegaly. 

The spleen weighed 909 g. and measured 10-0 x 7-8 x"-3 cm. It was slate- 
blue in colour, firm to tho touch and heavy, with a slightly thickened capsule. 
Tho cut surfaco rovealod several hundred dilated vascular spaces, round or 
oval, and up to 5 cm. in diameter. Some contained clotted blood or a brown 
jelly-like material, others liquid blood, vonous in colour and more viscid 
than normal, which dripped on to the slab leaving empty vascular spaces. 
Microscopically the splenomegaly seemed to be duo entirely to the presence 
of innumerable cavernous spaces and dilated capillaries, mostly filled with 
erythrocytes or erythrocytes and fibrin, which compressed the normal splenic 
tissue and tended to obliterate tho malpigliian bodies. These channels were 
lined by a flattened endothelium, often ill defined. In several of the spaces 
innumorablo neutrophil leucocytes were noted and attributed to tho termina 
infect ion. Infarction was not found and tho splenic artery and vein were norma . 

Tho condition is rare, although there aro nt least 21 recorded instances 0 ^ 
similar spleens, most of which are reviewed by Akcakoyunlu (1938) and mes 
and Rabinoviteh (1942). 
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HYPERPLASTIC CALLUS SIMULATING SARCOMA 
IN TWO CASES OE ERAGILITAS OSSIUM 

S. L. Baker 

From the Department o] Pathology, Manchester University 

(Plates CI-CIX) 

The occurrence o f a true nooplnsm on a fracture Bite is an oxtreme 
rarit y! Eauclio (iuav), reviewing tho literature, remarks that thonT 
have been a few authentic cases where tumours (benign or malignant) 
have arisen on the sites of old healed fractures. This author doubts 
whether there have been any authentic cases in which the regenerative 
process of callus production has passed uninterruptedly into a true 
neoplasm, remarking that in all the recorded cases there is a possibility 
that the tumour was already present at the time of fracture. In a 
case whe re a sarcoma appears to arise immediately on a fracture th o 
possibility that t he tumour was present at the t ime of fracture 
o bviously cannot be excluded . The fact remains however, that, as 
Laucho remarks, the enormous numbers of fractures produced by war 
and by road accidents have not given any indication of a tendency to 
tumour formation at the site of damage. Bearing these facts in mind 
it is unwise to make the diagnosis of sarcoma arising on a fracture 
unless the evidence is beyond the possibility of doubt. 

T he two cases recorded here are of particular interest because 
both de veloped enormous masses of callus which closely simulated 
sarcoma but were proved by the subsequent course of events to be no n- 
malignant . B oth were young males suffering from fragilitas ossiu m. 
and massive callus simulating bone sarcoma developed in relation to 
fractures of the fem ur. The first case (A. E.) has now been followed 
up for 5 years and the non-malignant nature of the mass has been 
confirmed. The second caso (J. M.) developed a massive callus in 
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Plate CII 


Fig. 5. — Case 2. X-ray (23.2.44) of left femur 6 weeks after fracture, showing fragile 
appearance of bone and large mass of callus around fracture site. (Biopsy 
2 weeks later.) 

Fig. 6. — Case 2. X-ray (29.6.44) of right femur 6 weeks after fracture, showing callus 
in relation to fracture site. 

Fig. 7. — Case 2. X-ray (18.10.44) of right femur 26 weeks after fracture, showing 
enormous mass of callus filling the thigh and extending up to tho neck of the 
femur. Tho site of the supracondylar fracture can just be detected. There is » c o 
a fracture through (or gap in) the callus opposite the middle of tho femur hut no 
signs of disturbance of the continuity of the bone itself. 
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sarcoma was suspected and a biopsy was performed on 10.3.44, 8 -weeks after 
fracture. An incision was made on the outer and anterior aspect of the thigh 
about the level of the fracture, and on dividing the muscles a greyish mass 
was exposed from which a wedge of tissue extending down to the bone was 
removed ; this is the material hero described. Sections were reported as 
hyperplastic fracture callus and no operative or X-ray treatment was undertaken. 
The mass continued to enlarge and X-rays Bhowed a steady increase in the 
callus shadow, and by 20.4.44 a hard swelling could bo felt extending from the 
knee to the inguinal region. A review of the X-rayB now showed a further 
fracture in the trochanteric region and a slipped epiphysis of the femur head 
which might account for the mass of callus at the upper end of the bone. An 
X-ray taken on 29.6.44, 24 weeks after fracture, showed callus extending the 
whole length of the bone. By 1.8.44 (28 weeks) the swelling of the thigh was 
diminishing; by 18.10.44 {40 weeks) it had considerably diminished, the 
oedema and dilated veins had disappeared and an X-ray showed trabeculated 
porosed callus extending the whole length of the femur. During this period 
other fractures of the loft leg developed — upper end of tibia and fibula (10.3.44), 
Pott’s fracture (3.5.44) ; no excessive callus formed around these. On 
20.4.44, while the patient was being moved, a supracondylar fracture of the 
right femur occurred and an almost identical mass of callus developed in relation 
to it. Although there was no fracture of the upper end of the right femur the 
mass of callus extended up its whole length as far as the neck, just as on the 
left side. 

Figs. 6 and 7 show X-rays of the right femur 6 weeks and 26 weeks after 
fracture. Fig. 7 shows a crack through the centra of the callus but no signs of 
interruption in the continuity of the bone except tho supracondylar fracture. 
Fig. 8 shows on X-ray of both femurs taken 2 years after tho first fracture. 
Tho callus is now reduced to a much porosed mass, similar to that in case I, 
on both sides. 


Biopsy material 

Macroscopic. Tho material from case 1 consisted of several pieces of tissue, 
some measuring ns much os 2x4x1 cm. ; they had been preserved in formol- 
saline (4 per cent, formaldehyde) for about 3 months. The bulk of tho tissue 
was almost white in colour, somewhat gelatinous and semi-cartilaginous in 
consistence ; it resembled tumour tissue but here and there wore firmer areas 
with irregular red -brown markings.^ The material from case 2 was less abundant 
but essentially similar, consisting of gelatinous, semi -cartilaginous pale tissue 
containing firmer reddish areas ; it was fixed in formol-saline (4 per cont. 
formaldehyde) for about 24 hours. All the tissue could be cut easily with the 
knife and it was therefore embedded in paraffin without decalcification. Some 
of tho tissue from both cases was kept in the formalin solution and used later 
for frozen sections. The stains used were Weigert’s iron hrematoxylin and 
eosin, Mayer’s hremalum and eosin, Weigert’s iron hrematoxylin and van Gieson, 
Mallory’s connective tissue stain, reticulin stain (GSmori’s method, 1937, 
modified by extending tho time of the gold treatment), von Kossa’s method 
for calcium, and Heidenhain’s Azan. Frozen sections were stained by Sudan XV 
and Mayor’s hremalum, methyl violet, and Heidenliain’s iron alum hrematoxylin. 


Microscopic 

Tho tissue from both these cases showed essentially the same 
histological features and a general description will cover both. The 
pale tissue consisted of cedematous, mucoid and cartilaginous tissue, 
the appearance of which suggested a chondrosarcoma, particularly 
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in case 1 where it was more abundant, so that some of the sections 
contained nothing but this type of tissue. The bulk of this tissue 
consisted of a fibro-mucoid, cartilage-like substance best classified as 
“ chondroid tissue ”, It showed transitional forms grading into true 
cartilage in some places and in others into woven bone ( vide infra). 

By selecting suitable pieces of tissue, particularly some horn 
case 2 which passed fro m the surface to the deeper part of the callus, 
it was possible to observe the various stages in development of the 
chondroid tissue and the transitions between it and woven hone. 
Pig. 9 shows a general view ( x 8) of such a section from case 2 ; it 
consists mainly of chondroid tissue permeated by irregular vascular 
marrow spaces (pale channels in fig. 9). Por convenience of description 
it can be divided into various zones. Externally (zone A) is the 
advancing edge of the tissue where it is replacing the muscle and 
connective tissues of the thigh ; zone B shows the early stages of 
chondroid formation ; zone C shows fully developed chondroid with 
islands of true cartilage and transitions to woven bone ; zone D is 
calcified woven bone. To the naked eye zones A, B and C correspond 
to the pale mucinous or semi-cartilaginous tissue mentioned above, 
while zone D is the firmer tissue with reddish markings. 

The tissue from case 1 was less regularly arranged than the piece 
from case 2 here illustrated and it contained larger amounts of the 
gelatinous early chondroid (zone B), but the various zones could all 
he recognised in it and material from either case is used to illustrate 
the appearances described below. 

Zone of (Edema with destruction of muscle and connective tissue (A). 
This consists of oedematous tissue with remains of striated muscle in 
the form of small collections of atrophic fibres separated by oedema. 
Several small perivascular collections of lymphocytes are seen. 
Collections of short thick fragments of collagen fibre with square-cu 
or rounded ends give evidence of destruction of pre-existing connective 
tissue. Scattered fragments of this, easily visible with Mallory s stain 
as blue objects darker and thicker than the fibres of the more recen y 
formed collagen, can also be found in zones B and C, some incorpora « 
in the chondroid tissue ; scattered atrophic fibres of striate muse 
can also be found in zones B and C. 

Zone of mucoid (Edema, cellular ‘proliferation and . early c 
formation (B). This is cedematous and mucoid tissue con al ® 
numerous fusiform and stellate fibroblasts and many plumper 
oval or rounded in form. Pine fibres and fibril brushes are o ^ 
relation to these cells, forming a general fine network, r arl - . 
resemble a tissue culture of fibroblasts (fig. 10) and ce s m ^ 
are not difficult to find. The earliest development of cIlonctro1 strflnd3 
is seen in this zone (the deeper part of zone B in fig. 9» " w , erC ^cc). 
of darker tissue are seen extending in the direction o w j;j C h 

The first sign of this tissue is in relation to groups o ce ^ 
the more rounded types predominate (fig. H) > aroun 
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there develops faintly basophilic mucoid tissue containing numerous 
prominent collagen fibres ; many of these fibres tail off into a fine 
brushwork of fibrils which fan out and become lost in the mucoid 
material (fig. 13). Another feature of this zone is a marked peri- 
vascular oedema around newly developed small vessels ; fig. 12 shows 
a small vessel surrounded by a zone of oedema fluid containing a few 
scattered cells. 

Zone of chondroid tissue ( G ). This is composed mainly of chondroid 
tissue permeated by vascular channels which divide it up into 
irregular masses and strands. It also contains islands and strands 
of true cartilage. The chondroid tissue as seen here may be described 
briefly as a fibro-mucoid tissue intermediate in structure between 
cartilage and woven bone ; all three tissues — cartilage, chondroid and 
woven bone — occur in this zone, and tissues intermediate in structure 
between chondroid and woven bone are also seen. The finer structure 
of these tissues is considered in more detail later. Patchy calcification 
occurs in this zone, mainly in the centres of the islands of cartilage 
and in the woven bone ; the chondroid remains for the most part 
uncalcified or shows only sparsely scattered granules (hrematoxyphil 
and von Kossa-positive). The vascular channels form a prominent 
feature ; they gradually increase in size towards the deeper part, 
being continuous with the wider marrow spaces in zone D. These 
channels Bhow one or more thin-walled vessels (arterioles and venules) 
surrounded by fine reticular tissue composed of fusiform and branching 
cells with reticulin fibres. 

Zone of calcified trabecula ( D ). This is composed of trabecul® 
formed mostly of calcified or partially calcified woven bone and to a 
lesser extent of calcified cartilage, the whole forming an irregular 
cancellous tissue with vascular (marrow) spaces containing reticular 
tissue and thin-walled vessels. Scattered osteoclasts are seen on the 
surfaces of both calcified and non-calcified tissue in zone C and of 
the calcified trabecul® in zone D. 


Morphology op the cartilage and chondroid tissue 

The name “ chondroid tissue ” is used here for want of a better 
term. It has been used by histologists for various connective tissues 
which approach cartilage in structure and usually show vesicular 
cells in a fibro-mucoid matrix. Part of the tissue might be called 
f> osteoid " were it not for the fact that this term is already used for 
non-calcified bone tissue which differs from bone only in its lack of 
calcium. Here the matrix contains less collagen than bone, varying 
between fibro-mucoid and fibro-cartilaginous and with increasing 
amounts of collagen passing into a woven bone structure. The cells 
vary from typical cartilage cells to typical bone cells with intermediate 
types and in parts of the tissue both cartilage cells and bone cells are 
found together in a fibro-mucoid matrix. Tissue of this type might 
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justifiably be called “ chondrosteoid In describing the morphology 
of this tissue it will be simplest to describe first the fully developed 
cartilage seen in the islands and strands noted above, and then the 
chondroid and stages from this to woven bone. 


Cartilage 

In the tissue from case 2, of which there was only a small amount, 
true cartilage occurs as a few scattered islands ; in that from case 1, 
of which more was available so that larger sections were possible, 
strands of cartilage form an irregular network connecting up with 
tracts of calcified trabecular woven bone to form an apparent support- 
ing scaffolding for the general mass, which is composed mainly of 
chondroid tissue (fig. 14). 

The cartilage shows many large vesicular cells lying in a basophil 
matrix and is very similar to that in the islands of large celled cartilage 
which are common in fracture callus. Many of the collagen fibres, 
which pass into the cartilage from the surrounding chondroid, split 
up into very fine fibres and fibril brushes (as in fig. 13) which fade 
into the basophilic matrix and in lisemalum and eosin sections' this 
stains a fairly uniform light blue (apart from dark blue areas of 
calcification) and contrasts with the more eosinophilic, more fibrous 


chondroid tissue. 

Many of the collagen fibres and fibre bundles in the cartilage are in 
reality masked by the basophil matrix in hsemalum and eosin sections , 
they show up partially with iron hsematoxylin and van Gieson an 
more completely with Heidenhain’s Azan and with Gomori s reticu in 
stain. Large fibres and fibre-bundles are often absent in the cen ra 
parts of the cartilage but with iron hsematoxylin and van Gieson, 
and Gomori’s reticulin stain very fine fibres and fibril bundles can 
seen, and round many of the cell spaces there is a concentra ion o 
collagen fibrils forming a thin collagenous capsule (fig. IS). 

Early or more advanced calcification, not sufficient to ama c L 
microtome knife, is usually present in the central parts o t ie ca ® 
strands and islands (fig. 17) and appears early in these co a c 
capsules. ■, j 

The cartilage cells vary in size, those with large roun 8nV 
spaces 20-25 /z in diameter being prominent ; there are ovrev ^ 
smaller cells, some rounded and others very irregular in s a P ‘ 
of the larger cells have basophilic capsules; these are n m _ s tained) 
visible in paraffin sections but show up in frozen ( fflma ^ ft 
sections as blue lines round the cell spaces. In some o ^ . 
secondary capsule develops as a lighter blue g p acc end 

this secondary capsule may increase to fill most 6 , on ly 

form a deep blue sphere or ovoid, the cell then being r ,g 20). 
about one-third of the diameter of the original ee JP on <i 

Frozen sections stained with dilute methyl no e capsule- 

mounted in water give good metaehromatic staining 
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Fig 12 — -The same section ns fig 10 showing n longitudinal section through n small 
vessol surrounded by n zone of pcmasculnr cedemn This is tlio earliest sign of 
the perivascular (marrow) spaces which nro promment m the more fully developed 



Fin 13 — Callus from case 1 Paraffin section (Majers hTirmlum and eosin) showing 
earlj cliondroul tissue with collagen fibres passing in from surrounding ademntous 
tissue and breaking up into fine brushes and fibril networks which fade into a 
mucoid mntriN. Tlio cell spnets are often outlined bj n condensation of theso 
collagon fibres x G7*» 
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Flo. 14. Callus from caso 1. Paraffin section (Mayer’s lucmnlum nnd eosm). Tho 

dark-staining network is calcified wo\en bono (lower part) or cartilage. Tho 
lighter tissue is mamly chondroid. X 4 


ITo. lo. — Case 2. Collagen capsules of cartilage 
colls (Houlenhnm’s Azan). Two cells showing 
well marked collagen capsules which nro con- 
nected together by a bundle of collagen fibres 
merging with them. Fibrils pass on and 
also connect with tho los3 clearly doveloped 
collagen capsule of tho cell lower down. X 500. 







Fig. 1G — Case 1. Chondroid tissue (Heidcnhain’s 
Aran), showing strands of fibro-mucoid tissue 
with perivascular reticular tissue (lighter 
areas), x 205. 
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The relation of tho collagen capsule to the basophilic capsule is 
difficult to make out as both cannot be shown in the same section, 
hut they appear to occupy tho same position immediately around 
the cell space and would thus form one capsule consisting of a con- 
densation of collagen fibrils embedded in the basophilic capsular 
substance. This would fit in with the observations of Roulet (1935) 
who describes the capsule of tho cartilage cell as consisting of ft fine 
net of collagen fibrils (“ like a hair-net ’’) embedded in a layer of 
condensed basophil (mucoid) substance. The small irregular cells 
show as a rule no signs of a basophilic capsule. In frozen sections 
(Sudan IV and Mayer’s htemalum) many show fine fat droplets in the 
cytoplasm as do also some of the large cells. 

Chondroid tissue 

This differs from cartilage in tho absence of marked basophilic 
staining of the matrix (fig. 18) and the presence of more abundant 
fibres and fibre bundles. It contains many vesicular cells but very 
few are capsulated. Their average size is smaller than in the cartilage 
and many elongated and irregular cells are present. 

Tho chondroid tissue from case 1 contains less collagen fibre than 
that from case 2, and with iron hematoxylin and van Gieson and 
with Azan shows a network of well stained collagen fibres and fibrils 
(fig. 16), whilo round many of the vesicular cells thero is a condensation 
of collagen fibrils outlining the cell space. 

In the chondroid tissue from case 2 the collagen fibrils and fibre 
bundles are closer together and in places merge to form a fairly 
uniform red background with van Gieson. Where there is most 
collagen most of the cells are stellate in shape and numerous calcium 
granules are present, so that tho structure is that of partially calcified 
woven bone (fig. 17). 

Tho cell types found in the chondroid and in this “ chondrosteoid ” 
tissue are of interest. In paraffin sections (inemalum and cosxn and 
iron hsematoxylin and van Gieson) one can distinguish at once two 
main types of cell, the rounded and the stellate ; in addition there 
are many elongated, dumb-bell and twisted bizarre shapes. The 
morphology of these different cell types can best be studied in frozen 
sections where shrinkage is minimal. These were stained with 
Sudan IV and Mayer’s hajmalum and also iron alum luematoxylin ; 
it was found that if the alum hsematoxylin was only slightly differ- 
entiated in tho alum solution diluted with equal parts of water, the 
whole of the cytoplasm including the cytoplasmic processes of the 
stellate cells could be demonstrated. 

The rounded cartilage-iype cells may fill the cell space or they may 
appear to fill only the central part, being, however, usually connected 
to the wall of the space by fine threads. A non-staining fluid collects 
in this outer part of the space and this fluid may acquire basophilic 
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j? IG , 17 . Case 2. Cartilage, chondrosteoid tissue and woven bone (Woigort’a iron 

hsematoxylin and van Gieson). Above is largo-celled cartilage with eariy 
calcification (dark granular masses around cell spaces). This passes below into a 
tissue which resembles woven bone except that it is more mucoid and lea 
collagenous. The dark zone round. the lateral and lower margins of tho central 
perivascular space is more collagenous and is calcified, thus showing the structure 
of calcified woven bone. X 120. 

Fig. 18. — Case 1. Cartilage and chondroid tissue (Mayer’s h&malum and oosm). In 
the centre is a vascular space with vessels and perivAscular reticular tissue , 
the left is a meshwork of lightly staining chondroid tissue. The deeply stauung 
tissue is partly ' calcified large-celled cartilage .with strongly a80 P nc ma - 


X4U. 

Fig. 19. — Case 1. Cartilage cells showing external and early internal' capsules (Sudan >11 
and Mayer’s hrcmalum). The coll in the centre shows a thm external 1 
and a partly developed internal capsule, slightly basophi ic oxcop j 

left quadrant. Another cell (bottom loft) shows a basophilic external cupsuk 
a pericellular space containing clear (not yet basophilic) su s anco. 

Fig. 20.— Case 1. Cartilage cell with external and internal capsule ’ ]<? l„Ta 

Mayer’s hrcmalum). Thero is a wide strongly basop u w ex t}) ; g g i, 0 wcd 

well developed basophilic internal capsule fills the peneolhilurp , ^ 

very fine radial striations which are not visible m the photograp . 

Fig. 21.— Case 2. Osteocytes showing cell processes (Ho.dcnliam^ 

toxylin). The cytoplasm is stained an intense black , fin y P ^ tJw} . 

pass out in all directions but cannot be followed far in X OBO. 

pass out of focus. The clouds of granules are early calcifica 
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changes are occurring in the muscle and connective tissue leading 
to their dissolution, and the oldest is seen in the deepest part, where 
a calcified, cancellous stnteture has replaced the normal tissues. The 
appearances suggest that \£he hyperplastic callus in these two cases 
passed through the following stages. (1) An oedema of tho muscle 
and connective tissue similar to an inflammatory oedema and presum- 
ably determined by changes in the vascular conditions of tho region ; 
(2) atrophy of the muscle and connective tissue, in place of which 
develops (3) an ccdcmatous mucoid tissue containing numerous cells 
of fibroblast typej These cells differentiate in various direction? ; 
many of them produce (either directly or by their action on the 
surrounding protein substrate) bundles, brushes and webs of collagen 
fibrils ; somo assume a rounded shape (chondroblasts) and become 
surrounded by increasing amounts of mucoid tissue, thus forming » 
fibro-mucoid (chondroid) tissue or, with increased development of 
basophil mucoid masking the fibres, true cartilage. Other cells remain 
stellate in shape with long cytoplasmic processes and become included 
in the fibro-mucoid ; these develop into the bone-type cells in 
chondrosteoid tissue which, with increasing amounts of collagen, 
assumes the characters of woven bone. In tho zones of adema 
immediately around vessels neither collagen nor mucoid develops, 
but a fine reticulin network associated with scattered stellate coll* 
forms tho earliest stage of tho perivascular (marrow) spaces. 

The development of tho cancellous tissue (zone D, fig. 9) is 
brought about by osteoclastic erosion, on the edge of the marrow 
spaces, which are enlarged at the expense of the chondroid, chondeo- 
steoid and cartilage. Meanwhile tho more collagenous parts of tho 
chondrosteoid tissue and the central parts of the strands of true 
cartilage have calcified, so that after remodelling by osteoclasts, 
trabecula; composed of calcified woven bone, and also to a lesser 
extent of calcified cartilage, are produced. On these, new bone is 
now laid down by the osteoblastic cells on their surfaces. 

There appears to be little doubt that tho above is the sequence of 
events. The one point which is doubtful is the source of the young 
fibroblastic cells which occupy tho mucoid and ceciematous tissue. 
Do they develop from tho local soft tissues or have they spread out 
from the hone or periosteum in tho form of a growing edge to an 
advancing mass of callus ? This question is discussed below. 

Discussion 

Many interesting points arise from consideration of these two 
cases. I have been unable to find any detailed account of a closely 
similar case in the literature. Braikford ( 1 043) however gives an 
account of the radiographic appearances of four oases of osteogenesis 
imperfecta in which masses of bone were found in relation to the 
femur. He gives an illustration of the X-ray appearances of one of 
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these showing involvement of the lower two-thirds of both femurs 
in masses of spongy bone very similar to the end result seen in case 1 
here reported. He assumes that this condition resulted from sub- 
periosteal haemorrhages produced by scurvy, but the evidence for this 
conclusion appears very scanty and the right femur shows a bend 
suggesting an old fracture in the lower third of the shaft and also 
an irregular mass of bone extending into the soft tissues from the 
upper half of the shaft. One of the other three cases he mentions 
was a boy of 14 who showed a cancellous mass extending from the 
lesser trochanter down the whole length of the diaphysis of the right 
femur. This developed after a contusion of the thigh 7 years 
previously. It appears to me that all four of Brailsford’s cases may 
well have been traumatic in origin, with, quite possibly, incomplete 
fractures which passed unnoticed at the time. 

In one of these four cases Brailsford notes that there was also a 
mass on the lower end of the right tibia and that this underwent a 
rapid increase in size and showed evidence of “ malignant metaplasia ”. 
The subsequent history of this case is not recorded so that it is not 
clear that this was in fact malignant ; it may have been a rapid 
callus production following trauma to the mass. I can only find 
one case recorded where amoved sarcoma occurred in fragility 
ossium. This is a report bj fjewell a nd Lofstrom (1940) of a man of 
49 with familial bone fragility "wfro developed a sarcoma of the 
pelvis ; but there was no evidence that this was directly connected 
with a fracture!"} 

/jSad the lSg been removed in my case 1 it would have been 
impossible to prove that it was not a sarcoma cured by amputate®! 
It was fortunate that sections extending from the surface of e 
callus to the deeper part of the tissue could be examined ; ha 10 
biopsy material been limited to the surface layers amjccurae 
histological diagnosis would probably have been impossible. ® 
applies particularly to the material from ease 1, where c on 
sarcoma ” was, I think, a not unjustifiable diagnosis from e 
sections which I examined. This diagnosis was correcte on } 
careful consideration of the clinical and radiological features an ^ 
examination of more of the biopsy material which inc u e so 


the deeper parts of the mass. , , amo unt 

Case 1 presented the greater difficulty because of th g 
of mucoid oedema and ehondroid tissue, which was qw 1 6 u , sce0 , 
reaction in the specimens of normal fracture callus w o , 0 jj 
Fig. 24, for instance, shows the edge of a callus roun a _ ^ J]f| 

fracture just below the middle of the femur. ere ^ - D a 

appreciable oedema, woven bone is developing on ® vascular 
fairly dense connective tissue matrix, while, e ow > 
marrow spaces filled with fine reticular tissue an rema 


marrow 


muscle separate the trabecula; of woven bone. against fr e 

The histological points which weighed mos wi ° 
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diagnosis of sarcoma in the material from case 1 were (1) the presence 
of trabecula; of well formed calcified woven bone in the deeper part 
of the tissue, with gradations from this to the more superficial 
chondroid tissue and thenco to the very cellular fibro- and chondro- 
blastie tissue at the surface, and (2) the system of spaces running 
roughly at right angles to the surface and containing the blood 
vessels lying in a perivascular reticular tissue — an arrangement I 
have never seen in a sarcoma. 

After the experience of case 1 the material from case 2 presented 
less difficulty ; there was less of the very mucinous type of chondroid 
tissue and the well developed woven bone (zone D, fig. 9) and system 
of vessels with perivascular reticular tissue justified an immediate 
diagnosis of “ hyperplastic callus ”. Viewing the cases in retrospect 
one can perhaps say that a neoplasm showing Buch rapid and massive 
involvement of muscle would show clearer cytological evidence of 
malignancy. This however was not a point to which much weight 
could be attached when the first case was seen. 

Sinco hyperplastic callus as massive as that here described must 
be very rare and since fragilitas ossium is not common, and since 
massive callus developed in botli thighs in case 2, one is inclined to 
think that there must bo somo connection between this bone defect 
and massive callus formation, but apart from the paper by Brailsford 
quoted above I havo found nothing in the literature bearing on this 
point. At is generally agreed that osteogenesis imperfecta and 
fragilitas ossium are different grades of the same defect, namely a 
congenital hypoplasia of bone tissue. In spite of this dofect fractures, 
which occur in large numbers with little or no trauma, heal easily 
(Sonnenschein, 1938), so that the stimulus to bone production by a 
fracture overcomes, at least to a sufficient extent for healing, the 
osteoblastic inertia^ Dietrich (1929) discusses the pathology of 
osteogenesis imperfecta and fragilitas ossium with copious references 
to the literature up to 1928 ; ho discusses and illustrates the healing 
of fractures in this disease but makes no mention of massive callus 
production. / Latich e, in discussing the pathology of “ callu s 
luxurian s ”, makes no mention of its occurrence in fragilitas ossium. 
lie does however make somo remarks as to the conditions which are 
believed to predisposo to its development, namely (1) much shattering 
of bone, e.g. gun-shot fractures with tearing and crushing of soft 
parts ; (2) infection, especially with compound fractures ; (3) its 
more frequent occurrence in the upper tliird of the femur and humerus 
shaft where failure of fixation with hemorrhage and tearing of 
tissues may be important factors. (4) Bier (quoted by Lauche) 
thought that escape of bone marrow or joint fluid into the tissues was 
responsible for the production of massive callus, but Lauche found 
no evidence for this and the experimental injection of joint fluid into 
tissues does not stimulate bone formation. (5) Franglieim and Orth 
(both quoted by Lauche) have seen cases where no cause could be 
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found and have postulated an "individual predisposition ^ Con- 
sidering the bearing of the above on these two cases, there may have 
been sufficient violence to produce muscle damage and hemorrhage 
with the spiral fracture of the femur shaft in case 1 ; in case 2 
however there was no violence with either of the fractures and 
damage to soft parts must have been minimal. Each case had had 
dozens of fractures previously and, as noted above, case 2 sustained 
fractures of the tibia and fibula during the period of development 
of the hyperplastic callus in the thighs ; in none of these was there 
any evidence of excessive callus formation. There was however no 
evidence that either case had had a previous fracture of the femur 
and, taking into account Brailsford’s cases, there does appear to be 
a connection between osteogenesis imperfecta and excessive bone 
formation in relation to fractures or other lesions — probably traumatic 
— of the femur. 

The literature contains little information concerning the histology 
of hyperplastic callus ; Lauche states that microscopic examination 
shows nothing noteworthy except the frequent formation of numerous 


I ” ’ands of cartilage. 

The present cases raise the question whether the great production 
chondroid tissue is' related to the very rapid growth of the callus 
or whether it may be largely dependent on the defective osteogenesis, 
which might encourage the production of an excess of cartilage in 
place of bone. I have recently obtained material from a case o 
osteogenesis imperfecta in a female infant aged 17 days (case ) 
which showed innumerable healing fractures ; most of these showe 
cartilaginous as well as bony callus. Is this cartilage more abun an 
than in fractures of normal bones ? If so is the excessive cart age 
directly related to the bone defect or is it only the result of the un ue 
mobility of these unsplinted fractures ? As regards the amoun o 
cartilage to be expected in the fracture callus of normal human one , 
there is no doubt that islands of cartilage are frequently oun > 
in healing fractures at certain sites, e.g. ribs, cartilage is near} a 
present. Lauche in discussing cartilaginous callus makes e o 
ing points. (1) It was formerly believed (Ollier el a?., q uo ^ 
Lauche) that all fractures passed through a stage of cart aginou 
but a more careful study, particularly of material 0® r ie aliag 
where healing had been undisturbed, showed that under i e 
conditions no cartilage appears. (2) Animal expenmen ff j icn 
workers (lit. given by Lauche) have shown that earii age enf j s 0 f 
there is sufficient shearing movement between the aG u }, u man 
the bone during callus formation. (3) That this view app 1 j cVC [ 0 p 

fractures is- shown best in rib fractures, which ahnos n c ti 0 nal re- 
cartilaginous callus during healing and where the , arranged 
spiratory movement results in the development o re &“ jf {he line 
cartilage, surrounding the fracture site as a rmg or co • flnc j {be 
of fracture is oblique or irregular, so is the carti a c 
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Hyperplastic callus simulating sarcoma 



Fio. 25. — Tibia from a caso of osteogenesis imperfecta ; female aged 17 days. There 
lms been a fracture about tho middle of the shaft and n collar of cartilage, seen at 
C 1 , C s and C 1 , has developed in tho callus. There has also been a. bending of the 
loner half of tho shaft, tho concavity of "which is buttressed by new periosteal 
u oven bone (B). Mayer’s hremahun and cosin. x 2-5. 
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dependence of the formation of cartilage upon the stimulus of movement 
botwcen the bone ends can bo dearly recognise^. Lauche (pp. 242-244) 
gives some good illustrations of sections of rib fractures with different 
grades of displacement and at different ages and all show this charac- 
teristic arrangement of the cartilage deposits in the callus. Now the 
cartilage deposits in the fractures of my case of osteogenesis imperfecta 
show exactly the same sort of arrangement as in Lauche’a illustrations. 
Fig. 25, a longitudinal section of the fractured and bent tibia from 
my case, shows masses of cartilage (C l , C 2 , C 3 ) on either side of the 
fracture site, corresponding to the opposite halves of a cartilaginous 
collar surrounding the broken end. On the right the collar is a 
continuous sheet of cartilage (C 1 ), on tho left the cartilage (C 2 , C 2 ) is 
separated somewhat by the development of a small intervening strip 
of trabecular woven bone. This section also Bhows a marked 
“ buttressing ” of the concavity of tho bowed hone by a periosteal 
deposit of trabecular woven bone (B). The whole picture corresponds 
closely to Lauche’fl fig. 30, showing a bent fractured rib in a child 
of 4 months with a similar cartilage collar and buttressing of the 
concavity by now spongy bone. On such evidence as this therefore 
we can, X think, say that, apart from the question of the total amount 
of bone produced, the bones in osteogenesis imperfecta react normally 
to the stimulus of a fracture and that the amount of cartilage in the 
fracture callus is no greator than could be expected in a non-immobilised 
fracture in a normal bone. 

Apart from the quantity of cartilaginous callus produced in 
case 3 there is a qualitative difference in the tissue as compared with 
that in cases I and 2. In case 3 there is fully developed vesicular-cell 
cartilage in well defined masses showing a fairly sharp transition to 
surrounding woven bone ; there is no chondroid or chondrosteoid 
tissue suoh as is found in cases 1 and 2. It seems clear therefore that 
the peculiar features of this hyperplastic callus cannot be attributed 
to tho essential bone defect in these cases and must be dependent 
on the very rapid growth of the callus. 

It is of interest to consider how suoh a mass of new tissue develops 
and rapidly replaces the muscle and connective tissues of the limb. 
/There appear to be two possible modes of development, namely 

an outgrowth of a mass of cells, derived from the periosteum and 
fractured bone ends, which extends like a tumour and infiltrates and 
replaces the normal tissues or lb) the Bpread of a reaction (presumably 
initiated by a chemical stimulus of some sort) which extends like an 
inflammatory process. The histological appearances of the advancing 
, edge of this hyperplastic callus suggest the Bpread of a reaction 
involving vascular dilatation and cedema followed by atrophy of tho 
muscle and collagen fibres, then a rapid proliferation of fibroblasts, 
some of which by slight functional and morphological modifications 
differentiate into cbondro- and osteoblasts. Under the influence 
of these cells mucoid and collagenous matrix is formed. The 
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appearances are those of tissue dissolution followed by the evolution 
of new tissue^ 

It would be possible to interpret this picture as a rapid spread 
of vascular fibroblastic tissue from the bone into the soft tissues with 
subsequent differentiation of the fibroblasts, but there are difficulties 
in this view. Fibroblasts do not spread out into tissue in this way 
unless there is a substrate of blood clot or damaged tissue to he 
organised. We can explain the healing of a fracture by the organisa- 
tion of the local blood-clot and damaged tissue with subsequent 
differentiation of some of the fibroblasts to form bone and cartilage, 
but it would be difficult to explain the extensive spread of callus 
seen in these cases on such a basis. If there had been extensive 
haemorrhage throughout the thigh muscles in these cases, organisation 
of those parts of the clot more distant from the bone would surely 
have taken place locally, with the production of ordinary scar tissue 
before an advancing edge of fibroblasts emanating from the bone 
could have reached the spot. In fact there was no evidence of 
such extensive haemorrhage, either as discoloration of the limb or 
histologically. 

Another strong piece of evidence for the existence of a process of 
callus formation which is not dependent on the wandering out or 
growing out of cells from the bone or periosteum is the occurrence 
of myositis ossificans following injury or inflammatory damage to 
muscle without bone injury. Dittrich (1926) remarks that tie 
production of bone under these circumstances may be regarded as a 
regeneration of connective tissue with altered differentiation resulting 
from altered local conditions. fCallus which extends into soft tissues 
and includes within it remains of 'Striated muscle is often ca e 
“ parosteal callus ” (Lauche), but, judging from my own (adnuttejiij 
not very numerous) samples from healing fractures, I shou saj 1 
virtually all external callus extends into the muscle and co ® ncc ’ 
tissue attachments to the bone and shows remains of muse e ^ 
incorporated within it. Some extension into parostea cr 

therefore a normal event in callus formation ; it ,nv ® ves mor . 

only the local tissues, which may well have been the site o ^ 
rbage or traumatic cedema or both,, and it could be consi ^ ^ 
part of a normal process of organisation by cells o en 
periosteal origin. Such an explanation will not ^ 0TVt ^ e f or this 
myositis ossificans without bone damage, nor is it a e< 3 ua ^ (| lC 
hyperplastic callus developing in parts at some anc 

boneS • r ” which ms}' t 

Evidence for the existence of a chemical “ organise j a(y(J fln( i 

eventually furnish an explanation of such hetero °P IC (ins's) an! 
bone formation has recently been published by val ^ escr jbed the 
Levander and Willstaedt (194=6). These workers ^ ect j on of 

experimental production of cartilage and bone y attempt" 

alcoholic extracts of bone into the muscles and e 3 
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ing to isolate the substances responsible for this reaction. Lacroix 
(1945) reports similar results from the injection of alcoholic extracts 
of cartilage. 

Summary 

1. Two cases are described showing massive hyperplastic fracture 
callus which closely simulated sarcoma but was proved by the 
subsequent course of events to be non-neoplastic. 

2. Both patients were boys with fragilitas ossium and innumerable 
previous fractures which had healed without excessive callus. 

3. The hyperplastic callus developed in femoral fractures and in 
the second case a subsequent fracture of the opposite femur produced 
a similar state of affairs. 

4. A description is given of the histology of the biopsy material, 
a striking feature of which was the formation of much fibro-mucoid 
tissue (“ chondroid ”) intermediate in structure between cartilage and 
woven bone. 

5. The formation of callus in tissues away from bone is discussed 
and it is concluded that it cannot be satisfactorily explained by 
outgrowth of cells from the bone or periosteum. 

6. It is suggested that the production of a chemical “ organiser ” 
such as is foreshadowed in recently published work by Levander and 
Willstaedt may be found to furnish an explanation. 

I should like to thank Professor Harry Platt for permission to use clinical 
data and X-rays of case 2, Dr Edith Paterson for clinical data and X-rays of 
case 1, and my laboratory steward F. Ward for his invaluable technical assistance. 
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CALCIFICATION OF THE LUNG ALVEOLI 
W. G. Barnard 

Department of Pathology , St Thomas' 8 Hospital Medical School , London 

{Plates CX-CXVI) 

The deposition of calcium in normal tissues is unusual. It is commonly 
found, however, in the neighbourhood of degenerate, dead and 
chronically inflamed tissues. It may be found in diseases involving 
a general upset of calcium metabolism such as rickets, but, even in 
these, extensive calcification of otherwise normal lungs is extremely 
rare. In the present communication two examples of widespread 
calcification of otherwise normal lungs are described and reference is 
made to similar calcification associated with organised broncho- 
pneumonia and to calcification of the lungs in a hen. The other 
feature presented in each of these instances was disease of the kidneys 

Case 1 

Summary of history . The patient -was a lank thin man aged G2 years. He 
was admitted to St Thomas’s Hospital in December 1942 complaining of 
constipation, pains in the stomach and, for 4 or 6 weeks, pains in tho legs while 
walking. Swelling of the ankles and palpitation had been present for a few weeks. 
He hod also noticed swollen glands in his neck and he was treated by his doctor 
for tonsillitis, after which he developed stomatitis. There was increased 
frequency of micturition, some loss of weight and generalised pruritus. On 
examination ho was found to be a very deaf, mentally dull patient. Slight 
jaundice was present. The heart was not enlarged ; a systolic murmur was 
heard at the apex. Tho pulse was 60 per minute, blood pressure 110/55 and 
temperature 98*6° F, The respiration rate was 20 per minute and the lungs 
wore emphysematous. The tongue was furred and the raucous membrane of 
the mouth covered by flakes of yellowish exudate, while the tonsils wore 
enlarged and the fauces inflamed. Teeth were missing. Examination of the 
abdomen revealed tenderness m the upper part, especially under the costal 
margins. The liver was enlarged and tender. The spleen and kidnoyB were 
not palpable The urinary bladder was distended. A small hard irregular 
lump was felt in the posterior part of the prostate. Tho pulse and respiration 
rate rose rapidly and the patient died on the fifth day after admission. 

Summary of post-mortem findings. Beart : 13 J 025 ., patchy fibrosis 
of left wall extending to interventricular septum. Severe atheroma 
of coronary arteries and less severe general atheroma. Lungs : right 
36 oz , left 2S oz., severe oedema of both lungs, which were rusty- 
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brown, red and tougb, with a firm cut surface. This showed a reticular 
pattern of fine-meshed delicate white lines distributed in patches, 
most marked beneath the pleura but also in the depths of the lungs! 
Peritoneum : numerous delicate adhesions over matted coils of small 
intestine and over liver and spleen. Liver : 83 oz., indefinite greyish- 
white infiltration of portal systems in jaundiced liver. Spleen : G oz., 
soft and purplish grey. Kidneys : right 6| oz., left U oz., the left 
kidney showing a swollen pale cortex with cloudy pattern and sharp 
demarcation between cortex and medulla ; less marked chango in 
congested right kidney. Tonsils : smooth greyish-white infiltration 
of both. Lymphatic glands : greyish-white infiltration of angular 
cervical and coeliac lymph glands, also of those in base of mesentery 
and around pancreas. Stomach : two small nodules in submucosa. 
Prostate : round, firm white carcinomatous nodule 1-5 cm. in diameter 
in otherwise normal prostate. Bones : no naked-eye changes noted. 
Brain : not examined. 


Histological examination. Heart : patchy fibrosis of myocardium 
and calcification of myocardial fibres and intima of blood vessels 
(figs. 1 and 2). Lungs : severe calcification of alveolar walls and of 
walls of many small arteries. In many places the appearance is as 
if the capillaries of the alveolar walls are embedded in a mass of 
calcified material. Yon Kossa’s silver method gave a positive reaction 
(figs. 3-5). Elastic fibres appear to be decreased in number and thoso 
present are unusually straight and often fragmented. Kidneys : 
slight chronic nephritis ; calcification of many tubules and a few 
glomeruli. Tonsils : reticulum-cell sarcoma (figs. 6 and 7). Lymphatic 
glands : reticulum-cell sarcoma. Stomach : reticulum-cell sarcoma 
in submucosa and mucosa. Spleen : sarcomatous infiltration an 
fibrosis around medium-sized arteries. Prostate : tubular columnar 
and cuboidal-celled carcinoma (fig. 8). Liver : acute hepatitis, 
the portal tracts are infiltrated by numerous polymorphonuc ear 
leucocytes and mononuclear cells ; the cellular infiltration is especia y 
marked around the bile ducts, some of which contain 
cells in their lumen. There is also inflammatory-cell vml 
among the liver cells, especially in scattered foci. The nes . 
capillaries are distended with bile. Many of the liver cc 
two nuclei ; others have large dark-staining nuclei and their cyt 
often takes up eosin more intensely than the cells "with norma ^ 
The calcified parts of the lungs had a brick-red appearanc 
eye, with a fine honeycombed cut surface suggestive o P oro sua ] 
On passing the thumb lightly over this cut surface an 
resistance and slightly gritty feeling were apparent. readily 

and resembling a “ heart-failure ” lung, the tissue co nB tiJ 

cut with an ordinary knife and calcification was no 3 ° ocan Jium 
sections had shown its presence. The calcification in 16 , y, the 

was not confined to the infarcted and fibrotic areas ’ , „ c j ir0! fic ” 

main it may have been secondary to these lesions. 
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Calcotcatiov of the i-trsr alveoli 



Tic 1 — Cose 1 Section of mj ocnrtlium of left \entnclo in tho region of a patch of 
fibrosis, showing calcification of muscle bundles Von Kossa’a method x9 r > 
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no 3 


Calcification of the lung alveoli 



— Case 1 Low power view of lung, showing calcification of the alveolar walls 

and absence of inflammatory reaction Von Kossa’s method x 35 
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nephritis was little more than that found as an age change, and 
calcification was most marked in the atrophied fibrotic parts. In 
tho lungs, howover, there were no lesions suggesting a previous 
inflammatory, degenerative or fibrotic change. 

The carcinoma of prostate was small and localised and there were 
no apparent bony or other secondaries. Neither were there obvious 
bony secondaries from the reticulosarcoma. No special search, 
however, was made at the post-mortem examination for bony 
secondaries. 

The parathyroids were not investigated, but it is improbable that 
they were materially enlarged ; otherwise they would have been 
noted on examining the gland3 and neck. 


Case 2 

Summary of history. The patient was a woman aged 48 who complaiood 
of an abdominal mass and severe uterine hemorrhage. At operation “ a large, 
necrotic, hemorrhagic and cystic tumour " was removed from the pelvis. This 
wbs reported as a fibromyoma. Six months later the patient returned to hospital 
with a recurrent tumour reaching from the pelvis to the umbilicus and causing 
intestinal obstruction. A colostomy was performed and the recurrent growth 
was found to ho a spindle-celled myosarcoma. The patient died two months later. 

Summary of post-morlem findings. A thin wasted woman, with 
distended abdomen and a colostomy opening in tho left flank. 
Abdomen : matting of coils of small intestine over a largely necrotic 
cystic mass extending from pelvis to umbilicus. No infiltration of 
intestinal or uterine walls. Ovaries : not identified. Small secondaries 
of firm greyish-white tissue, having a smooth cut surface with a 
whotled pattern resembling fibromyoma, were scattered over the 
peritoneum, especially of the anterior abdominal wall above the 
urinary bladder ; confluent plaques were present on the abdominal 
surface of the diaphragm. Similar secondaries were present on the 
pleural surface of the right Bide of the diaphragm and on the visceral 
and parietal pleura over the lower lobe of the right lung. Heart '■ 
simple atrophy of myocardium. Arteries : very slight general 
atheroma. Lungs : patch of rough honeycomb calcification in lower 
lobe of right lung and in apex of lower lobe of left lung. Secondaries 
in the pleura were directly infiltrating the lower lobe of the right 
lung. No bronchopneumonia. Liver : fatty change. Spleen : small 
and soft. Kidneys : narrowed cortex and slight dilatation of pelves. 
Urinary bladder : acute cystitis of plum-coloured, cedematous, thick- 
walled urinary bladder, with coating of grey calcareous material on 
mucosa. Feins : thrombosis of left femoral vein. 

Histological examination. This revealed leiomyosarcomatous 
growth, chronic nephritis and calcification of tho lungs as the chief 
findings. 

In the lung3, tho affected alveolar walls were thickened and 
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infiltrated by calcified material in granular form and also in the form 
of rod-like masses in some of the alveoli. This material appeared not 
only in the alveolar walls but also within the alveoli near tho vails. 
There was no evidence of old or recent inflammation in these areas 
(fig. 9). 

Calcification associated vnth organised bronchopneumonia 

The association of calcification with the inflammatory reaction is 
more commonly found and, for comparison with the cases above- 
described, a note of a case of this kind is included. A boy of eight 
years died of streptococcal tonsillitis, bronchopneumonia and subacute 
nephritis. The lungs showed severe calcification of the alveolar walls, 
with partially organised pneumonia filling the alveoli (fig. 10) and a 
severe subacute nephritis or late intermediate stage of nephritis acris. 

This phenomenon is not confined to human beings and a somewhat 
similar condition was found in a fowl about ten months old. It was 
a black leghorn and was with some ten sisters in an open run. For 
about a month it was very much less active than the others ; it ate 
from the feeding trough but stood about moping most of the day, 
although if approached it would move away briskly. As it did not 
improve, was losing weight and had given up laying, it was killed. 

The kidneys showed a severe subacute to chronic nephritis (fig. W 
(late intermediate stage of nephritis acris), while the lungs were the 
seat of calcification in all respects similar to that seen in cases 1 and - 
(figs. 12 and 13). There was also slight calcification of the myocardium 
(fig. 14). 

Discussion 

As the parathyroids were not examined histologically in any of 
these cases and as neither the calcium nor the phosphate c ^ cn 
of the serum was investigated it cannot be considered that any o 
has been fully investigated. Widespread calcification and par > c “ 
calcification of the lung alveoli is, however, of such 8^" era 5 " ^ 
that attention should be drawn to its occurrence. ie 
bronchopneumonia and the fowl both had a definite active nqp . 
in the other two cases the nephritis was slight. Hild (1 ting 

from the radiological appearances, changes in the ung s ® 
alveolar calcification. This was in an infant who a re M934) 
and a raised level of serum phosphate. Smyth an 0 „ » n & 

described “ deposits of calcium attached to the alveo ar 
case of renal rickets. Barr (1932), in a review 0 j) je time 
calcification, mentions that cases have been recor e conc lition is 
of Virchow but states that “ in human pathology tissues of 

extremely rare ”. Abnormal deposition of calcium i metabolic 
the body must depend on local factors an ^ on ^ g j. e ] c f 0n . 
regulation of calcium and phosphorus in the bo y ^ exccpti° na * 
Of local conditions, healing and necrotic tissues ex 
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liability to calcification. Hueper (1927) found that experimental 
calcification of tissues was more likely to occur in tissues which lost 
acid substances, such as lungs, stomach and kidneys. It was shown 
by Mitchell (1930) that the pH of the local environment is important 
in maintaining the normal solubility of calcium and phosphate in 
tissue fluids. The discovery of phosphatases in bones led to the 
evolution of the Robison theory of osseous calcification. Phosphatases 
are not confined to the bones, and amongst other tissues they are 
found in the lungs. Most of the cases of metastatio calcification have 
occurred in renal rickets. The two cases here described were aged 
62 and 48. There are no estimates available as to the degree of renal 
damage necessary for abnormal calcification ; in neither of these 
cases were bony changes obvious. 

Summary 

Two cases of severe calcification of lung alveoli are described. 
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A PARAGANGLION RELATED TO THE DUCTUS 
ARTERIOSUS 

W. G. Babnard 

Department of Pathology, St Thomas's Hospital Medical School 

(Plates CXVII aud CXYIII) 

A gland similar in structure to that of the carotid body was found 
when examining serial sections of the human ductus arteriosus. This 
gland appears to be additional to the aortic bodies and similar glands 
so far described. It is figured by Boyd (1939-40) in a 28 mm. human 
embryo and is referred to briefly by Barnard (1939). Its position is 
constant between the ductus arteriosus and the pulmonary artery 
(fig. 1). It is always in close association with nerves, some of which 
appear to be large branches of the vagus (figs. 2 and 3). It also has 
in its neighbourhood nervo ganglion cells. It is itself very vascular 
and has large arteries and veins in its immediate neighbourhood. 
It is approximately 0'8 x 0-6 mm. and in some instances has smaller 
disconnected portions near it. 

In general structure it closely resembles the carotid body, being 
made up of small groups of large irregularly polygonal cells with 
abundant protoplasm and clear-cut round or oval nuclei with a 
distinct chromatin net and chromatin nodes. Round the groups are 
Bpindle-shaped cells arranged in a whorled pattern and between the 
groups there are numerous capillaries (fig. 4). The bigger cells show 
occasional vacuoles and in some sections there are spaces between 
neighbouring cells (fig. 5). I have been unable to identify the material, 
if any, in these spaces. Although the carotid and aortic glands are 
sometimes included amongst the chromaffin system of glands they 
do not all appear, and this gland certainly does not appear, to show 
any affinity for chromic salts. In addition to the bigger nerves in the 
neighbourhood of the gland, nerve fibres pass freely to and can be 
found in the gland itself. 

In addition to the carotid bodies, “ paraganglia ”, some chromaffin 
and some non-chromaffin have been described, (1) between the 
pulmonary artery and the left coronary artery, (2) between the arch 
of tho aorta and the ductus arteriosus, (3) in the region of the junction 
of tho innominate and right subclavian arteries, and (4) in the region 
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of the upper surface of the aorta or left subclavian artery. Many of 
these have been found in animals and in human embryos. Boyd 
(1937) in his review of the development of the human carotid 
body reviews also the published accounts of these “paraganglia" 
and their development. This is a full review with references and 
makes it unnecessary to go over the ground again. Boyd (p. 29) 
says : — “ From my study of the carotid body and the structures 
which resemble it, I think that they are developed in relation to 
segments of arteries which possess a pressor-receptor apparatus; 
further, as was suggested by Koch (1931), the segments of the arteries 
which possess a pressor-receptor apparatus are persisting portions of 
the original embryonic branchial-arch vessels ”. 

The functions of the gland are not known. From its structure it 
would appear that these would be similar to those of the carotid 
body, and it would be tempting to speculate as to its possible association 
with the closure of the ductus arteriosus. Although so far I have been 
unable to trace any recorded cases of tumours arising from this type 
of tissue in this situation, it is highly probable that it may at some 
time give rise to tumours in the mediastinum. 

Note on foetal fat glands 

When examining foetuses it is usual to find fat glands and unfc» 
one has seen them before they may be mistaken for other g an *■ 
They have a well defined capsule, are unusually vascular and the 
cells are large and filled with small or large fat droplets (figs. 6 an 


Summary 

A gland of the carotid body and aortic type occurring 
pulmonary end of the ductus arteriosus is described. 


Baknakd, W. G. 
Boyd, J. D. . 


JJ 
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PIGMENTARY CHANGES IN FAMILIAL 
NON-HrEMO LYTIC JAUNDICE 

H. J. Barrie 

Pathology Department, Sheffield University 

Between' 1901 and 1907, Gilbert and liis associates published a Beries 
of 61 papers, summarised by Gilbert et al. (1907), in which one of 
their claims was that there existed a familial disorder, which they 
called “ Simple familial cholrcmia ”, characterised by a simple increase 
of blood bilirubin. Study of their documented cases shows that these 
wore almost certainly cases of acholuric jaundice, and when the latter 
syndrome was defined, little more was heard of Gilbert’s theory for 
many years. 

Parkes Weber (1916-17) described, as a curiosity, a man who was 
permanently jaundiced though otherwise healthy. Gansslen et al. 
(1925) described 13 cases in which the serum gave an indirect Hijmans 
van den Bergh reaction and jaundice was thB only symptom. Their 
cases, however, had increased urobilin in the urine and 10 of them 
had one or more relatives with acholuric jaundice. 

Hijmans van den Bergh (1933) used the term “ Constitutional 
hyperbilirubinemia ” to describe jaundice without signs of hiemolytic 
disease in a man aged 26 and his father, and a man aged 41 and his 
father, two brothers and one sister. 

Rozendual et al. (1935) analysed 214 cases of Blight and latent 
jaundice and classed 48 of them as “ Constitutional jaundice ” owing 
to the absence of signs of htemolytic disease. Pour of these cases 
had a family history of jaundice. 

Meulengracht (1939) unfortunately gave the syndrome a new 
name, " Icterus intermittens juvenilis ”, in a description of 24 patients, 
all of whom complained of weakness and lack of energy and of whom 
3 hod a family history of jaundice. His patients were between the 
ages of 14 and 34. 

Damashek and Singer (1941) called the syndromo “Familial 
non-haunolytic jaundice ” and investigated the liver function and 
the blood in two Jewish brothers and in an Italian family of nine, 
all of whom had jaundice with indirect Hijmans van den Bergh 
reaction and no evidence of increased hmmolysis. These authors 
wore tho first to do the crucial estimation of stercobihn excretion. 
They showed that it was not increased, and they considered therefore 
that increased hmmolysis was ruled out. 

j path pact — vol. mu 633 2 x 
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Canthers (1941) described the syndrome in four members of one 
family, and Curry et al. (1942) in a man and his sister. The man 
had had liis spleen removed on a mistaken diagnosis of acholuric 
jaundice. 

Malloy and Lowenstein (1940) investigated an analogous condition 
in a strain of rats in -which jaundice was inherited as a recessive 
character. 

The following contribution is a study of the relation between 
fluctuations in blood bilirubin and stercobilin excretion, in a patient 
who conformed to the syndrome. The absence, in liis case, of a 
family history of jaundice is no justification for modifying the name 
of the disorder in the present state of our knowledge. 


Case report 

K. J ., aged 25 years, was admitted to the Royal Hospital, Sheffield, in 
January 1946 for two months, for investigation of his jaundice. He was fora 
at full term and was of a normal colour, but had some sort of respiratory spans 
which changed in 24 hours to a cough, and he has had persistent and frequent 
cough ever since. About the 6th day he became jaundiced and this flfeo hu 
persisted. He was breast fed and put on weight normally. The urine to 
never dark. At 10 years he had a severe attack of whooping cough, and b! 
15 years a severe attack of influenza. The jaundice did not got woreo d urine 
these infections. 

As a boy he was kept indoors a great deal because of his cough and peri 
liability to respiratory infections, but when ho was ablo to got outside h' 
jaundice always improved. The jaundice almost disappeared in the summer 
and was maximal in winter. 

From 15 years to 20 years he suffered from frequent attacks of dizziness an 
faintness, which sometimes progressed to unconsciousness ; ho was sometime 
unconscious for 10 minutes. These attacks were not associated with trembi% 
or epileptiform movements. He has had frequent toothache, pains m " 
joints and eyes, and headache. His left arm has always been weak and su J- ' 
to trembling. His appetite has been good, but ho states that eggs an a- 
make the jaundice worse and make him feel sleepy and out of sorts. « 
always felt disinclined for much effort and works as a part-time gar cncr. 

Family history. His father and mother are English and weroo 
in Sheffield. Neither they nor their parents ever had jaundice. JS ' . c . 
is aged 66. She is well except for rheumatoid arthritis. She hn " • ^ 

fortnightly “ bilious ” attacks, characterised by nausea and vomiting, ‘ 
life until K. J. was bom, when they ceased. Examination o icr ^ 
the following results : Hfa 70 per cent., R.B.C. 3,600,000, C.I. , • • 

The film appeared normal. Reticulocytes were less than 0-o p cr c • 

A ; Rh-positive. Hijmans van den Bergh reaction, ircc " fln( j ^ 
Red-cell fragility : haemolysis started at 0-4 5 per c 


group 
negative 


complete at 0-35 per cent, . pv-dfs 

His father, aged 67, has always been healthy. Hb 100 per cen 

less than 0-5 per cent. Blood group O ; Rfyrli (O). thvroidcctotn? i' 

He has two sisters, one of whom, aged 36, had a par in con stririk3 
1938 and was found to have achlorhydria and a congenital i , ; ron . r e--i-tz-''- ; 
of the gall bladder. Since the operation she has cievelope a no{ ;n««v-*d- 
antemia and disabling rheumatoid arthritis. Her blood i iru 0 f pin d-r** 
The other sister, aged 38, has always been well except for a 
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tho legs, which lusted from the time she was a baby till the age of 14. Her 
hemoglobin is 100 per cent, and she has no increase of blood bilirubin. 

One of the mother's sisters is said always to have had a yellow complexion*^ 
On examination. The patient was a thin man, 5 ft. 8 in. tall and weighing 
0 stone. His skin and conjunctival were fairly deeply jaundiced. Tomperature 
98*4°, pulse 04, blood pressure 134/70, respirations 20. Tho liver and spleen 
wero not palpably enlarged. There was a patch of bronchial breathing at the 
base of the left lung. All the muscles of tho loft arm were weak and there was 
a coarse tremor of the arm when unsupported. His hands were very moist. 
No other abnormal physical signs. No pigmentation of the cornea. 

A radiograph of the chest, combined with lipiodol injection, showed tubular 
bronchiectasis in the left lower lobe. 


Laboratory investigations 

The blood count showed Hb 100 per cent. (Haldane), R.B.C* 
6,200,000, C.I. 1, W.B.C. 13,000, hasmatocrit 44, volume index 0*9 7, 
M.C.V. 84 o ./a, saturation index 1, mean corpuscular Hb concentration 
32 per cent., mean diameter of red cells 7*32 p, blood group 
Rh^Rli^Al). Numerous reticulocyte counts over a period of six 
months gave values that were never over 3 per 500 red colls. Red- 
cell fragility in hypotonic saline was tested five times in six months 
and was remarkably constant. Hffimolysis started at 0*476 per cent, 
and was complete at 0*35 per cent. — a rather High starting point for 
tho method used, which was to suspend thrice-washed red cells in 
aw equal volume of normal saline and to add 0*02 c.e. of this to 5 c.c. 
of the test saline. 

The basal metabolic rate was plus 20 per cent,, serum caloium was 
11 mg., blood phosphorus 3*77 mg., blood phosphatase 3*37 units, 
blood cholesterol 170 mg. and plasma proteins 0*4 g. per 100 c.c. 
The Wassermann reaction was negative. 

The fasting blood sugar was usually between 0*07 and 0*08 g. per 
100 c.c., but on two occasions was 0*06 g. Two glucose tolerance 
curves each showed only a slight rise after the ingestion of 50 g, of 
glucose. Tho figures at half-hourly intervals were as follows : — 

22.1.46 : Fasting B.S. 0*07, post glucose 0*09, 0*07, 0*064, 0*00, 

0*058 g. per 100 c.c. 

20.3.46 : Fasting B.S. 0*07, post glucose 0*08, 0*074, 0*074, 0*071, 

0*075 g. per 100 c.c. 


On one occasion he was kept fasting from supper time to 1 p.na* 
next day to seo if he developed symptoms of hypoglyciemia, but his 
blood sugar remained constant all morning at 0*06 g. 

In an insulin-sensitivity test done simultaneously with a control 
subject, 0*1 unit of insulin per kilo body weight was injected intra- 
venously and capillary blood-sugar estimations wore made every ten 
minutes. This test is also a natural adrenalin sensitivity test and 
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the subjective symptoms are due to adrenalin secretion. The Sgntcs 
(g- P er 100 C - C ‘) Were ^ ^° ll0WS 



Tasting 

10 mins. 

20 mins. 

SO mins. 

40 mins. 

50 min!. 

CO rif. ! 

{ 

Iv.J. . 

0-12 

0-093 

0-06 

0-08 

0-1 

0-1 

0-1 i 

1 

Control 

0-116 

0-1 

0-08 

0-085 

0-087 

0-09 

0-1 | 


t0 EaC™ ^cturT gave a "* 

certainly no increase in the P ropor a f liver biopsy, tot neither 
Two attempts were made to secur h P* needlc ^ 

issri* "—a s sx 

cent In a bilirubin-excretion test, sample 1 ^ fl f bilirubin 
minutes and one hour after intravenous^ i jection specimen, 

both contained slightly less Pjgment than the p^ ^ ag 
There was very little P°ssibih | p b 0 tometer. In h>PP a 

were compared directly in h ippuric acid was 1-23 g- jn 

acid-synthesis test, excretion of hippun _ 

(normal 3 g.)- , . mss a duodenal tube m ° r _ 

Three attempts were made pass with a fluorescent «<** 
study the duodenal bile, but tllc muc h-dilated atonic , 

showed that the tube was held up m the ™ W 

During January and February, ‘he ®ru B =rgh r« “ 

16 mg. per 100 c.c. The direct tt mam w „c«r 

negative, the indirect strongly pos*™. ,, 

in the urine hy Hunter's tesh ftom Wo ^ 

The average 24-hour ste and 72 mg. respectively 

pooled four-day specimens, w dayj s0 the tota c * ribe(J by 

excretion was rarely ove ' 10 o to 250 rag. 

well under the normal averag , 0 n ^ 

Watson (1937). . ^ orph yrin determine 1 

Professor Bimington ™ the normal rang 
specimens of urine : all the res nn d b 

average excretion in 24 hours wa > 37 9 y e was mad 

^diagnosis of familial non-hatmol^ ^ „„ hu n ft . 

May the patient was readmitted 1 slig htly ,t,B 

excretion.^ At that time he was on y ^ ^ inesri, ^ c ; 
day of admission a J tta arm “ nd “ “ t( mnM® 

?ZZ d otters MV he had an attach 
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lasted four days and was associated with increased cough, dizziness, 
rapid pulse, a slight rise in temperature and a marked increase in 
jaundice. He said that these symptoms were very familiar to him. 
They were probably due to a flare-up of infection in his bronchi- 
eetatic lung. 



Fio — Relation between blood bilirubin and stercobilin oxcrotion. 

Blood bihrubtn (Mg /litre) Stercobilin excretion (Mg ) 
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owing to the unstable condition of his blood bilirubin in May. The 
apparent increase in excretion after each test diet may have been 
due to the increased bulk of faeces, but the only certain conclusion 
that can be drawn is that the high-fat diet did not prevent or 
interrupt the steady fall in blood bilirubin which was then occurring, 
even though the amount of fat ingested was at the limit of tolerance, 
causing nausea and, curiously enough, itching of the skin. 

The chart on p. 637 is an almost complete record of the changes 
in blood bilirubin and in stercobilin excretion over 34 days. Where 
successive stercobilin values are identical, the estimation was done 
on pooled specimens and then averaged for 24 hours. The urobilin 
excretion in the urine was estimated daily but was so slight that it 
has been ignored on the chart. Apart from fluctuations in stercobilin 
excretion between 15th and 18th May, which might have been duo 
to variations in faecal volume and were not associated with changes 
in the blood bilirubin, it can be seen that there is an apparent invorso 
relationship between the changes in the blood and fasces. At first 
sight, therefore, it looks as if the periodic increases in blood bilirabin 
were due to diminution in the excretion of bile pigment. 

Owing to delay of faeces in the gut, however, the graph must be 
interpreted very differently. Charcoal as a marker was given twice 
during the course of the experiment and it took three days to appear 
in the faeces. K. J. was a good subject for this investigation, as his 
bowel habit was very regular. If the stercobilin excretion shown on 
the chart is displaced backwards three days, as it should bo, the 
fluctuations coincide remarkably, considering the many variables. 
The very low pigment excretion on. 18th May was largely due to t w 
small weight of faeces passed on that day. 

Discussion 

There are three interlinked questions in regard to the syndrome 
of familial non-hsemolytic jaundice which have not yet been u 
answered. (1) What is the role of the liver in causing P’S® . 
retention ? (2) What is the relation of the syndrome to ac ! 1 } 
jaundice 1 (3) What is the source of the increased blood i ni 

The role of the liver in pigment retention . 

The continuously subnormal stercobilin excretion shown j j or 
chart cannot be explained by an unusually high liver ir ^ s * 
in that event, once the blood bilirubin had reached ires 
pigment excretion would he normal. _ ,* n var jcfi 

In the active stage of jaundice, the stercobilin exc ^ jjj 00l j, 
directly and not inversely with the amount of bihru m jjilirobifl 
and this makes it unlikely that the day-to-day fluctua io cx p] 0 nation 
were caused by variations in liver function. A ™ 0T0 1 . ' an ations in 
is that the bilirubin fluctuations were caused by Y 
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haemolysis such as are known to occur as a result of exercise, infec- 
tions or other factors, and that the liver function was depressed 
to a fairly constant degree. Pigment excretion -would then follow 
the fluctuations in blood bilirubin by the laws of mass action. It 
is necessary to include the clause “ in the active stages of jaundice ”, 
for I do not know what K. J.’s stercobilin excretion was when his 
blood bilirubin was comparatively normal. The first recorded 
estimation of 110 mg. on 11th May suggests that it may have been 
within normal limits. 

The hippuric acid-synthesis test, done in January when the 
jaundice also was in an active phase and Bhowing a low excretion, 
was further evidence of depressed liveT function. It has not yet been 
possible to repeat the test in a quiescent phaso. The jaundice increases 
markedly when the bronchiectasis causes increased Bymptoms and 
it is difficult to say whether this is due to increased Inemolysis or to 
further depression of liver function. The actual cause of defective 
pigment excretion is still obscure, but Malloy and Lowenstein 
suggested that there might bo a lessened capacity to change bilirubin 
giving the indirect reaction into bilirubin giving the direct Hijmans 
van den Bergh reaction. 


The relationship of the syndrome to acholuric jaundice 

The early arguments over tho relation of the two syndromes have 
been reviewed by Tecon (1938). In acholurio jaundice there are two 
main components, increased breakdown of red cells and defective 
excretion of bilirubin by the liver. The liver has a large reserve 
capacity for pigment excretion and, if liver deficiency is slight, 
inorease of red-cell breakdown does not result in jaundice. Is it 
possiblo that familial non-hasmolytic jaundice is a variant, in which 
the liver element is supreme and the rate of breakdown of red cells 
only slightly increased ? It is difficult to exclude the possibility of 
slightly increased red-cell breakdown. The reticulocyte count is 
a relatively insensitive index and the same holds true of morphological 
changes in the red cell such as spherocytosis. 

The constant low stercobilin excretion has been regarded as proof 
that there iB no increased haemolysis, but it has been denied that 
stercobilin excretion bears a quantitative relationship to blood 
breakdown (Rous, 1923 ; Whipple, 1926). It is possible that blood 
bilirubin is deviated elsewhere or excreted elsewhere than in the bile. 
Evidence suggesting deviation of blood bilirubin was given bv 
Vaughan (1942), who found that the rise in scrum bilirubin following 
transfusion of stored blood was not associated with a significant 
increase of stercobilin excretion. She thought that the pigment might 
have been retained for haemoglobin regeneration. Similar discrepancies 
between blood and bile pigments in dogs with biliary fistulro were 
described by Broun el at. (1923). 



640 


H. J. BARRIE 


A study of the quantitative changes in the blood bilirubin shown 
in the chart suggests that it is not necessary to postulate increased 
haemolysis, for the highest rise in 24 hours was 4-6 mg. per 100 c.c. 
This is equivalent to a total increase in the blood serum of 145 mg. 
Haem atm and bilirubin are roughly equivalent in weight and, as 
hemoglobin yields 4 per cent; by weight of hsematra, 145 mg. of 
bilirubin are equivalent to about 3-61 g. of haemoglobin. Three or 
four times this amount is probably liberated every day in normal 
people. The evidence, therefore, suggests that increased haemolysis 
is absent in -familial non-hsemolytie jaundice and that therefore the 
two syndromes are essentially different. 


The source of the increased blood bilirubin 

Though the fluctuations in jaundice can be explained on the 
basis of the normal daily fluctuations in haemolysis, it has nerer been 
proved that bilirubin is solely derived from the breakdown of red 
cells. In the case reported, the muscular weakness and tremor in the 
left am and the relationship of fluctuations in the jaundice to 
exercise, raised the intriguing speculation that the disorder might 
be a familial muscular dystrophy and the blood bilirubin derived 
from myohsemoglobin. Meulengraeht stressed the uniform complaint 
of tiredness and lack of energy in familial non-hremolytic jaundice, 
and the tendency for the jaundice to improve with age. Whipple 
found that the myohsemoglobin content of the muscles of dogs » 
increased with age and the activity of the animals. On the other 
hand, myohsemoglobin is rapidly excreted by the kidneys when i 
gains access to the blood stream and it is hard to see that much o i 
could be transformed into hilirubin by the reticulo-endothelial system- 
K. J.’s excretion of creatinine in the urine was estimated for ft wee 
during an active phase of jaundice, and was nearly cons an 
1*5 g. per day. There was no creatinuria. 


SUMMARY 

1. A case of familial non-hsemolytic jaundice is reported 115 0 f 
stercobilin excretion was persistently subnormal over a P en 

34 days. . r,] 00f { 

2. The relationship of stercobilin excretion to change^ m ^ 

bilirubin in this case suggested that there was a cons an . ^ 

the excretion of bile by the liver during the phase of active P ^ 

3. The maximum daily fluctuations in blood btlintem 
explained quantitatively by normal variations in h® m ° . un( jicc 

4. The relationship between this syndrome and ac o u 


is discussed. 

X am deeply indebted to Dr T. E. Gurapert for his groat 
mo to investigate one of bis patients and I would li'o 
cheerful co-operation and Dr H. Droller for much assistance. 


in ntlowiuc 

. J. ftr 1* 
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GLIOMATA OF THE HOSE AND ORAL CAVITY: 
A REPORT OF TWO CASES 

Allen B. Bratton and Sybil H. G. Robinson 

From the Central Histological laboratory of the London 
County Council at Archway Hospital, London 

(Plates CXIX-CXXII) 

The rarity of tumours of neuroglial tissue in the nasal and oral 
regions warrants the publication of two additional cases. 


Case I 

Clinical history. A female infant, bom in Hackney Hospital by normal 
labour at full term and then weighing 6 lb. 14 02 . The mother was aged 25 
years ; it was her first pregnancy and there was no abnormality during it. The 
baby cried at once and showed no signs of asphyxia. A mass was noticed in 
the palate displacing the uvula to the loft and also palpable in the right maxillary 
region. This caused severe dysphagia from the first ; by the second day it 
had grown rapidly and there was respiratory stridor. The infant died 3 days 
after birth. 

Summary of necropsy 

Inanition. Neuroglial tumour of soft palate. Milky material in 
larynx and trachea. Slight bronchopneumonia and congestion of 
lungs. No abnormality of heart or vessels. Cloudy swelling and 
cedema of liver and kidneys. (Edema of spleen. Mucous catarrh of 
stomach. (Edema of brain. Middle ears clean. No abnormality in 
suprarenals, pancreas, intestines, urinary bladder, uterus or ovaries. 
Slight jaundice and cyanosis. 

Projecting into the right side of the oral cavity was a mass 
3-2 cm. from side to side by 2*4 cm. from before backwards and 
1*0 cm. high (fig. 1). It extended for a distance of up to 0-5 cm. 
to the left of the middle line. Anteriorly it appeared, at its base, 
co-terminous with the posterior margin of the hard palate ; a rounded 
free surface projected anteriorly beyond this for a distance of about 
0'3 cm. The postero-inferior border ky just above the right faucial 
tonsil. The right border was ill-defined and extended into the sub- 
mucous tissues of the cheek. The surface was irregularly rounded 
and for the most part had a smooth, purplish grey covering resembling 
buccal mucosa ; the surface of the most prominent central part was 
greyish yellow and slightly granular. 
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On section the total thickness of the mass was 1*5 cm. and the 
deep aspect was not clearly demarcated. The greater part of the cut 
surface consisted of homogeneous greyish white tissue with faint 
ill-defined flecks and streaks of grey. The left border was occupied 
by a group of cysts up to 1-2 x 0-7 x 0-6 cm., with a smooth, greyish 
white lining. Just external to these was a cleft, 0-4 cm. long by 
0-05 cm. wide, with a blackish brown lining and with a dark brown 
fleck close to one end. External to this and close to the projecting 
surface were a few ill-defined greyish brown areas up to 0-5x0-25 cm. 
Near the extreme right margin there were a few cysts up to 0-25 cm. 
diameter with smooth grey linings. 


Histology 

Tho specimen was fixed in 4 per cent, formol-salino and later transferred to 
Kaiserling I solution. Representative portions from the tumour wero embedded 
in paraffin and sections were stained with Ehrlich’s lirematoxylin and coin, 
iron hrematoxylin and van Gieson’s stain, Woigert’s elastic stain and Mallory f 
phosphotungstic acid-hmmatoxylin. 

On microscopical examination the most abundant and conspicuous 
element is a tissue consisting of a feltwork of fine fibrils which stain 
pale purple with Mallory’s phosphotungstic acid-hcematoxylin. Among 
the fibrils are cells with fibrillary processes and usually scanty proto- 
plasm and an oval or round nucleus occasionally showing a nuclcolu.-. 
This tissue histologically resembles neuroglia and the cells appear or 
the most part to be of the nature of pilocytic astrocytes, thong 
there are also a few small round cells and occasionally more swo cn 
cells which suggest oligodendroglia. There are large ill-defined area 
(fig. 2) in which the meshes of the feltwork are wide and tend to ona 
long, roughly parallel clefts; considerable numbers of fine co a r c 
fibres run through these areas parallel with the clefts, usual } 6in ? b 
hut rarely in small bundles of two to four fibres. In other largo on 
there are wide hands and small sheets of dense fibrous tissue m w ' 
lie islands of glial tissue ; in these islands the feltwork is c osC ". I71C 
showing only a few irregular clefts, the cells have a more 
shape and more cytoplasm and collagen fibres are absen . . , arV 

the outer border of the mass is a considerable amount o ' o ■ 
muscle, comparable in amount and on the whole in arrnngem ^ 
that present in the soft palate of infants of similar age. n 
however, the muscle bundles are separated by wide xan s ^ ^ 
tissue, by lobules of adipose tissue and by irregular areas j [Vrf 
of glial tissue. The feltwork is here close-meshed an 1 ^ {p.-no 

more rounded bodies and abundant cytoplasm. -f ’ e f r r onps r * 
is occasionally so intimately mingled with the muse e i 
short lengths of one to four muscle fibres, returning t icir c 
may he seen completely surrounded by glia (fig. 3). rt ntrj! 

Kear the buccal surface some of tho islands of gl» •»« 
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Fio 1 — Case I Tumour of soft palate x 2 circa 
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Tio 2 — Case I Area of loose meshed glio Fio 3 — Caso I Voluntary muscle fibres lymg 
matous tissue containing collagen fibres in gliomatous tissue Mallory’s phosphotungstic 

Haunatoxylin and eosin xlCO acid lucmatoxylin X440 



Fig 4 — Caso I Clefts m island of glial tissue Fig I — Case I Immature choroid plexus 
and tubules lined with opendymal cells H andE xI60 
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clefts lined wholly or in part with low-columnar or cuboidal cells 
(fig. 4), in a very few of which small groups of blephnroplasts arc 
present. In this area there are also a few small cysts or tubules lined 
with similar cells lying directly on a collagenous wall. 

In the outer part of the mass there is a fibrous band containing 
a number of small spaces into which project small vascular collagenous 
papillary processes. Low-columnar cells line these spaces and cover 
the papilte, which bear a strong resemblances to those of choroid 
plexus (fig. 5) ; a very few of the covering cells contain small groups 
of blepharoplasts. 

The cleft with a blacldsh-brown lining observed naked eye is seen 
to be lined on one side with a lay r of cells loaded with blackish-brown 
pigment which contains no free , on and gives a positive reaction for 
melanin with Fontana’s stain. The opposite side is lined with a zone 
of cells eight to twelve cells thick, which are for the most part 
rounded and of primitive type but which, at a point where the two 
sides of the cleft come into apposition, are more elongated at right 
angles to the surface and suggest differentiation into rods and cones 
(fig. 6). The dark-brown fleck is seen to be a small cleft whose 
opposite sides are lined respectively with the same two types of tissue 
as the large cleft, with wliich it may well bo continuous out of the 
plane of the section. Cords of primitive tissue are also present in 
other sections from this region (fig. 7). 

The walls of the large cysts at the inner end of the mass consist 
of collagen. Some are lined with Btratified columnar epithelium not 
unlike that of palatal mucous glands ; in others the lining is flattened 
and resembles endothelium. The greyish-brown areas just external 
to the cleft with blackish-brown lining consist of fibrous tissue 
containing numerous small vessels, some of which Jack an external 
elastic lamina, though the arrangement of the fibrous tissue does 
not suggest pia mater. Near the voluntary muscle is a small island 
of cartilage, similar to some present in the apparently normal soft 
palate of an infant of similar age, A few mucous glands are also 
present. The free surface of the tumour is covered by stratified 
squamous epithelium of buccal type, replaced in the most prominont 
central part by a fibrino-purulent layer of superficial ulceration. 


Casa XI 

Clinical history. A female infant aged I month was admitted to 
St Bartholomew’s Hospital, Rochester, • with a tumour of the ekin of tho Bido 
of the nose. This was removed surgically. 

Tho specimen was a dome-shaped nodule 2xl‘5 cm.xl cm. high. The 
upper and lateral aspects were covered with smooth white skin, apparently 
normal except for operative lacerations. The cut surfaces of vertical slices 
showed grey moist gelatinous tissue. The lower surface of removal was lacerated 
but appeared to consist of the gelatinous tissue cut tlirough. 
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Histology 

Three blocks of the tissue -were embedded in paraffin. Sections wen- rut 
nnd stained frith Ehrlich’s hxmatoxylin and cosin, iron hematoxylin nnd 
van Gieson’s stain and Mallow’s pliosphotungstie ncid-hrcmatoxylin. 

On microscopical examination the dermis is seen to be occupied 
by tissue having the characters of neuroglia (fig. 8). There is a felt- 
work of fine pale purple fibres proceeding from cells of which some 
have scanty cytoplasm and oval or round nuclei and resemble 
fibrillary astrocytes, while others have large swollen bodies with one 
or more nuclei and appear to be gemistoeytic astrocytes (fig. 9). 
This neuroglial tissue is traversed by collagenous strands containing 
blood vessels. It often surrounds the appendages of the skin but 
does not appear to reach the epidermis (fig. 10). 

Discussion 

These two tumours are composed principally, if not entirely, of 
derivatives of medullary epithelium. The nasal tumour from case II 
is entirely of this origin and differentiation has taken place wholly 
into astrocytic neuroglial tissue, so that the tumour may well be 
characterised as a glioma of astrocytoma type. 

The bulk of the palatal tumour from case I is also neuroglial, tbc 
cells being almost all astrocytes, but cords of primitive cell- 
suggesting medullary epithelium are also present and, in addition, 
differentiation has taken place into ependymal and allied structure-'- 
The presence of blepharoplasts in a few of the cuboidal cells limn? 
clefts in the neuroglial islands or neighbouring tubules confirms the 
view that these cells are ependymal in nature. The epithelium of the 
choroid plexuses is ependymal in origin and possesses cilia an' 
blepharoplasts between the 7th and 22nd weeks of intra-iitcrine 1 1 
(Russell, 1939) ; though no cilia are present on the cpitbe into 
covering the papillary processes described above, the presence 
blepharoplasts in a few of the cells shows that they are in oC ‘ 
ependymal and the processes must therefore be consider? 1 
primitive choroid plexus. The rods and cones of the retina an 
homologous with the ependyma, and the primitive cells lining on 
side of the blackish brown cleft show differentiation in the t acc 
of these structures at the point where they approach nenre- ^ 
pigmented layer lining the opposite side of the cleft- ns ^ - 
consists of cells loaded with melanin and resembles the P 1 ?™-’ ^ 
layer of the retina, a structure derived from the outer n -. CT ° rJ . 
optic cup (Hamilton, Boyd and Mossman, 194/5). Thus us 
shows primitive tissue suggesting medullary epithelium nn< nr y 
entiation both into neuroglial tissue of astrocytomatou' 
towards ependyma, choroid plexus and retina. Scribed by 

Glial tumours of the nose and oral cavity have cen 
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Schmidt (1900), Payson Clark (two cases) (1905), Siissonguth (1909), 
Anglade and Philip (1920), Berblinger (1920-21), Rocher and Angiade 
(five cases) (1924), Terpian and Rudofsky (two cases) (1926), Guthrie 
and Dott (1927), Tobeck (1929) and Eiglcr (1937). The tumour in 
Terpian and Rudofsky’s second case was situated in the tongue and 
is described as a neurinoma. In all the other cases tho tumour was 
in the nose, some being external and some internal. Rocher and 
Anglado’s second case, which communicated with the interior of the 
skull, had a central cavity resembling an ependymal canal, and their 
third case showed a few nerve cells of pyramidal type ; Guthrie and 
Dott did not consider tho glial tissue composing the centre of their 
tumour to be neoplastic. With these exceptions all tho tumours are 
described as consisting of gliomatous tissuo with a varying admixture 
of collagen fibres and often numerous vessels, and the tumour in our 
case II falls well into line with them. Our palatal tumour, though 
mainly consisting of gliomatous tissue, shows much greater variation 
in differentiation and wa have not been able to trace any similar 
tumour in this site. 

Various authors have discussed at length the origin of the 
neurogenic tissue from which these tumours aro derived. Schmidt 
decided that his case wan not a teratoma because it consisted entirely 
of neuroglia and he did not know of an example of a teratoma in 
which only glial tissue had developed ; this argument has since been 
reinforced by the occurrence of further purely glial tumours in this 
site. He came to the conclusion that his tumour -was derived fro m 
an encephalocele which had become cut off from its origin ; Guthrie 
and Dott attributed a aimiIar"derivation to theirs and Siisscngutk’s 
conclusions were not dissimilar. Nerve cells might well be expected 
to bo present in an encephalocele but have not been found except in 
Rocher and Anglade's third case, and Berblinger pointed out that 
a true encephalocele should present itself in the neighbourhood of the 
fronto-nasal process ; theso tumours however may be found anywhere 
in the nasal region. 

Payson Clark attributed his tumours to an extra-cranial separation 
of embryonal neuroglia. Berblinger considered that his arose from 
tissue with only limited powers of differentiation cut off in early 
intra-uterine life ; he was tho first to stress the blastomatous nature 
of the tumours and to apply to them the term “ choristoma ” in the 
sense of a blastomatous growth of embryonally separated primitive 
tissue. Later authors have been basically in agreement with him. 

In our opinion this concept is applicable to the origin of our nasal 
tumour, the origin of which may well be accounted for in terms of 
displacement of marginal islands of tissue from the optic plate or of 
the adjacent nluripotent.neural ectode rm, which remained in the 
surface ectoderm and were not invaginated during the closure of the 
neural tube and the formation of the optic cup. The origin of our 
palatal tumour presents greater difficulty, as the above concept 
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cannot readily be extended to account for it. On embryological 
grounds it should probably be regarded as a teratoma, but the 
histological picture does not altogether support this, as the tumour 
consists almost entirely of neuroglial and allied tissue. Such other 
structures as are present, embedded as they often are in the glial 
tissue like the appendages of the skin in the nasal tumour, can all 
be interpreted as remnants, some of them rather modified, of the 
normal constituents of the soft palate. 


Summary 

1. Two tumours of neuroglial tissue are described, situated 
respectively in the soft palate and in the skin of the side of the nose. 

2. The degree of differentiation in the two tumours is compared. 
The palatal tumour shows primitive tissue suggesting medullary 
epithelium and differentiation into neuroglial tissue of astrocytomatous 
type and towards ependyma, choroid plexus and retina. The nasal 
tumour is composed wholly of astrocytomatous neuroglial tissue. 

3. The origin of these and similar tumours previously reported is 
discussed. The nasal tumour is considered to be a^J dastomatoa s 
gro wth of embryon ally se parated primitive tissu e but this concept is 
inadequate to explain the palatal tumour. 

We are indebted to Dr Hugh McLean and Dr W. W. Woods for permission to 
publish case II, to the Medical Superintendent of Hackney Hospital for c rnca 
notes, to Professor Dorothy Russell for advice and assistance, to Pro essor 
J. D. Boyd for advice on embryology and to Mr G. W. Moore for photograp y. 
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(Pneumococcus) 

CEREBRAL ARTERITIS AND PHLEBITIS IN 
PNEUMOCOCCAL MENINGITIS 

Hugh Cairns and .Dorothy S. Russell* 

From the Nuffield Department of Surgery t Oxford 

(Plates CXXIII-CXXVI) 

Hitherto pneumococcal meningitis has usually proved a rapidly fatal 
disease, but it is now established that adequate treatment with 
penicillin will control the infection, with very great reduction in 
mortality (Smith, Duthie and Cairns, 1946). Failure may follow the 
withholding of penicillin at early stages of the infection or the loculation 
of pus at some point in the cerebrospinal pathway at later stages. 
Such collections may obstruct the circulation of the fluid, or serve as 
sources of reinfection with relapse if treatment is stopped too soon. 

Some of the fatal cases in which death has been delayed by 
chemotherapy show the progressive alterations in the cerebral blood 
vessels described below. These are of considerable interest, clinically 
because they explain certain neurological signs which may appear 
during treatment of fulminating or protracted cases, pathologically 
on account of their close resemblance, in the more protracted infections, 
to those of polyarteritis nodosa. While our main description in what 
follows will concern these more advanced lesions, we propose to deal 
also with the vascular changes that may be detected in the early 
stages of the inflammatory process, since it is probable that the later 
vascular changes evolve from the earlier. 

Case reports 
I. Early or acute stage 

Case 1. Fulminating pneumococcal meningitis (pneumococcus 
type 18) 

• M. S. (R.I. 19095/43), aged 3 months, the second of twins, died 36-48 hours 
after the onset of clinical signs of meningitis. One week before admission he 
developed a cold and running nose from which he appeared to recover 
completely. On the morning of admission he was pale and did not take his 


* Working for tho Medical Research Council. 
J. Pirn. juct.-~voi. win 6 i 0 
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feeds ; he slept throughout the day and his cry became weak. At 6 p.m. he 
began to twitch. At 10 p.m., on admission, be was unconscious, pale and 
wasted, with a muco-purulent discharge from his mouth, nose and ears (pneumo- 
cocci on culture). At frequent intervals he had convulsions, with tonic deviation 
of his eyes to the right, followed by a scream and clonic movements of his 
limbs, mainly on the right side. He was given sulphonamides systemically and 
one intraventricular injection of penicillin, but he died 16 hours after admission. 

Lumbar C.S.F. — pressure 255 mm. ; white cells 150 (mainly polymorpho- 
nuclears ) ; total protein 250, chlorides 695 mg. per 100 c.c. ; sugar absent; 
films and cultures showed profuse pneumococci. The ventricular cerebrospinal 
fluid gave almost identical findings. 


Necropsy {P.M. 493. 1943). No significant changes were found 

apart from the brain. The right middle ear contained pus, and 
cultures from both middle ears grew pneumococcus type 18. 

The cerebral hemispheres appeared full and soft, and the lepto- 
meninges contained an uneven profuse yellowish-green exudate 
which was more abundant over the convexities than the hase and was 


particularly dense in the sulci bordering the superficial veins. Some 
of these were distended with purple thrombus. On section the 
occipital horns were slightly dilated, especially the left, but the 
ventricles were otherwise unaltered, the ependyma being smooth and 
glistening. The choroid plexuses were moist and pale. There was 
slight injection of the white matter about a needle track in the left 
frontal lobe. An ill-defined patch of pinkish-grey softening occupied 
the white matter lateral to the left occipital horn. 

Microscopic examination of brain. In the left frontal and occipita 
lobes there is intense purulent leptomeningitis with deposition o 
much fibrin, especially about some of the larger veins. These s ovr 
purulent phlebitis and occlusion by unorganised ante-mortem throm 
in which occasional Gram-positive cocci are present. Vast num rs 
of these cocci swarm in the leptomeninges. There is swelling 8® ' 
in places, early proliferation of the endothelial cells in some o ® 
meningeal arteries. In the adjacent cortex there is severe ce cm 
and degeneration, approaching necrosis in places, associated ~ e 9 u ® 
with a diffuse infiltration with degenerating neutrophil _ e ^° 
(figs. 1 and 2) and, in the occipital lobe, large foamy amce oi 
The purulent infiltration extends down the perivascular s ea . 
perforating vessels. In general there are few cocci m i0 8 


and none in the adjacent cortical tissue. . , , j e f r , 

In the white matter there is patchy oedema and, m t 
occipital lobe, necrosis adjacent to the ventricle. , p a 

has been destroyed in some areas, and here the subepen y < 
and in particular the sheaths of the vessels, whic are c gj ?0;W } ier e 
leucocytes and mononuclear cells, contain groups of cocci. a [ s0 

many organisms lie on the surface of the ?P en ^ traC k in 
penetrate into the oedematous tissues bordering t 


the frontal lobe. 

The choroid plexus of the lateral ventricle 


shows great leucocytic 
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infiltration of the stroma of the tips of the villi (fig. 3) unaccompanied 
by cocci. Many diplococci and leucocytes lie outside the plexus in 
the folds between the villi. The epithelium is for the most part 
intact, but the cells often show severe pyknosis. 

About the fourth ventricle and medulla oblongata there is a 
similar meningitis and inflammation of the choroid plexus. Numerous 
cocci are present in the meninges and penetrate into the neural tissue 
beneath the ependyma of the lateral recesses. 


Case 2. Fulminating pneumococcal meningitis (pneumococcus 
type 18) 

T. F. (B.T. 20068/43), a femalo aged 21, who was a 8emi-invalid from heart 
disease, developed a had cold followed next day by headache, vomiting and 
incontinence of urine and faces. Later she became unconscious and Bhe died 
on the fifth day after the onset of headache, 3 hours after admission to hospital. 

Lumbar C.S.F. — 40 white cells per c .mm., mostly polymorphonuclears ; 
total protein 250, chlorides 605 mg. per 100 c.c. Films and cultures showed 
abundant pneumococci and blood culture also gave a very heavy growth 
(type 18). 

Necropsy (P.2I. 537. 1943). Severe mitral stenosis from chronic 
rheumatic endocarditis. No evidence of active endocarditis. In- 
duration of lungs. Slight hack-pressure congestion of liver and of 
spleen. Remaining organs apart from brain normal. 

The cerebral hemispheres were full and the leptomeninges greatly 
engorged. The sulci over the convexities were filled with yellowish- 
grey pus, diminishing in intensity towards the occipital poles. 
A considerable amount of exudate was also present over the upper 
part of the vermis and in the Sylvian fissures, but was scanty 
over the brain stem. There were a few recent haemorrhages, up to 
1-5 cm. in diameter, in the meninges over the temporal lobes. On 
section the brain was greatly congested, the ventricles small and the 
ependyma of normal appearance. Apart from congestion the choroid 
plexuses appeared normal. 

Microscopical examination. There is intense purulent lepto- 
meningitis, similar to that in case 1, over the cerebral convexities, 
the medulla oblongata and cerebellum. Slight purulent thrombo- 
phlebitis is present in a few of the larger superficial veins, and, rarely, 
raising of the arterial endothelium by a crescentic mass of neutrophil 
Ieucooytes. Acute purulent panarteritis affects the perforating arteries 
of the right frontal lobe, accompanied by hemorrhage and purulent 
infiltration of the perivascular sheaths, especially in the subcortical 
white matter. This is often associated with irregular areas of severe 
degeneration and necrosis of the adjacent white matter. Great 
numbers of Gram-positive cocci are present in the sheaths, but none 
in the nervous tissues. 

The ependyma of the lateral ventricles and the choroid plexuses 
of the lateral and fourth ventricles are overlaid with groups of 
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neutrophil leucocytes mixed with red corpuscles and large mono- 
nuclear cells containing Grain-positive cocci. The choroid plexuses of 
the lateral ventricles however appear normal, but that of the fourth 
ventricle shows aggregates of neutrophil leucocytes in the tips of 
the villi. 

These two cases are characteristic examples of the fulminating 
type of infection with death in 2 and 5 days from the onset and 
without adequate chemotherapy. It is instructive to compare them 
with the following example, in which effective chemotherapy was in 
progress and death was due to fat embolism. 


Case 3. Compound fracture of anterior cranial fossa. Pneumo- 
coccal meningitis treated with penicillin. Fat embolism. Death 

L. L. (R.I. 35174/44), aged 32. Head injury with fractured base. Compound 
fracture of tibia and fibula. Twenty-four hours after the accident he became 
irrational and was given sulphonamides. Two days later pus and pneumococci 
were found in his C.S.F. and he was given penicillin intratheeally. He died 
of cerebral fat embolism on the third day of penicillin therapy, by which time, 
though scanty cocci were still seen in the films, cultures had become sterile 
and the cells (460 per c.mm.) and protein (100 mg. per 100 c.c.) were falling. 

The meningitis microscopically shows evidence of resolution. 
Thus it is patchy over the central convexity and medulla oblongata, 
and most of the neutrophil leucocytes are in stages of necrosis. They 
are mixed with a good many large mononuclear cells some of which 
contain leucocytes. No organisms were demonstrated. Occasional 
focal deposits of fibrin are present in the arachnoid membrane. 
There are no changes in the walls of the blood vessels either of t e 
leptomeninges or of the cortex. In the ependyma of an occipi a 
horn the epithelium is missing in many places and is coated in some 
areas with a layer of pus which is infiltrated, from the ependyma si e, 
with large mononuclear cells. Many Gram-positive cocci are presen 
here, the majority being intracellular. A few small heemoiT ages, 
sometimes ring-shaped, occupy the subependymal tissues, w ® 
oedematous and sparsely infiltrated with large mononuclear ce 
occasional neutrophil leucocytes. Many of the vessels are c e 
similar cells. No changes were identified in the walls of 0 v 
beyond fibrinoid necrosis in a single example which lay at ie 
of a ring haemorrhage. 


Comment on early stage 

Examination has shown that there is a wide distribution^ 
infection throughout the ventricular system as well as . 0 f 

at this early stage. The ependymitis and leucocytic : 1 ^ 

the choroid plexuses are interpreted as due to reflux o that 

from the basal meninges. Alternatively it mign f , xC ept in 

fraction reached the brain through the choroid plexus, excep 
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case 3, where a fracture of the ethmoid sinus with an overlying dural 
tear was responsible for the meningitis. But the infiltration of the 
plexus of the fourth ventricle in case 2, while those of the lateral 
ventricles were unaffected, argues in favour of a retrograde spread of 
the infection. 

Purulent arteritis and phlebitis with thrombosis were observed 
in the meningeal and perforating vessels in cases 1 and 2, -with 
associated severe degeneration and necrosis of the neighbouring brain 
substance. Occasionally Gram-positive cocci had invaded the 
thrombus in the veins. Early endarteritis was found in a few other- 
wise unaffected meningeal arteries in cases 1 and 2. That these 
vascular changes are due to the pneumococcal infection and not to 
any chemotherapeutic measures is proved by their presence in 14 of 
28 cases of pneumococcal meningitis which came to necropsy at the 
London Hospital in early stages of infection before 1940. Moreover 
in 3 cases of the latter series there is conspicuous fibrinoid necrosis of 
occasional perforating arterioles in the cerebrum. 

II. Intermediate stage 

Case 4. Relapsing pneumococcal meningitis associated with 
vascular hypertension 

R. R. (R.I. 24155/44), male, aged 60. Pneumococcal meningitis (pneumo- 
coccus type 8) of about 18 days’ duration, beginning with pain in left ear. 
Penicillin treatment begun on eleventh day of illness and stopped four days 
later, whereupon meningitis recurred and the patient died in spite of resumption 
of penicillin (Smith et al., case 5). At the time of the relapse his blood pressure, 
which had previously been 130/80, rose to 230/130 and remained high until 
a few hours before death. Rapid pulse, persistent subnormal temperature, 
profuse sweating and haematemesis for several hours before death. 

Necropsy. (P. iff. 135. 1944). Both middle ears contained mu co- 
pus. The other accessory sinuses were empty, apart from the 
sphenoidal wliich contained brown-stained mucus. 

The convexities of the brain were dry and greatly congested. 
Purulent meningitis was localised to an irregular band of thick 
exudate along the parasagittal borders of the frontal lobes and over 
the base, where it obscured the vessels and nerve roots, extending 
into the Sylvian fissures and filling the basal cisterns. The cisterna 
magna however contained little pus and was small, being encroached 
upon by the cerebellar tonsils wliich had herniated into the foramen 
magnum to a depth of 1*1 cm. 

On section the substance of the brain was deeply congested. 
There was moderate symmetrical dilatation of the lateral ventricles 
and considerable expansion of the anterior part of the third. The 
fourth ventricle was small. The ependyma was coated with purulent 
exudate forming in places a well defined, lightly adherent membrane 
which became continuous throughout the third ventricle and formed 
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a stalk plugging the whole length of the aqueduct. Purulent exudate 
also coated the choroid plexuses. 

The meninges of the spinal cord contained an uneven layer of 
purulent exudate over the posterior surface except for a length of 
13 cm., the site of lumbar injections of penicillin over the upper part 
of the cauda equina, where they were translucent but contained an 
elongated mass, 7x1 cm., of recent blood-clot. The terminal part 
of the cauda equina was filled with thick pus. On section the cord 
was injected but otherwise normal. 

Microscopical examination. The parasagittal region of the right 
frontal lobe, the medulla oblongata and an upper thoracic and a 
lumbar segment of the spinal cord show much necrotic pus beneath 
the arachnoid membrane. A zone of tangled threads of fibrin separates 
this from the pia, in which collagenous thickening is associated with 
a cellular infiltration, mainly of lymphocytes and plasma cells, 
extending into the sulci and, in the cord, infiltrating the posterior 
roots. Organisms are demonstrated only in the frontal region where 
a few feebly Gram-positive cocci occur in the old pus. 

Many of the larger veins over the frontal lobe contain recent 
unorganised thrombus, occasionally spreading into the perforating 
veins of the cortex ; this is associated with a few subcortical areas 
of recent haemorrhage and softening infiltrated sparsely with neutrophil 
leucocytes. Focal fibrinoid necrosis affects the media of many arteries 
and arterioles in the meninges over the medulla oblongata. In ot ere 
the intima is focal ly thickened by oedema, neutrophil leucocytes an 
plaques of fibrin (fig. 4). Similar changes are observed in e 
meningeal vessels of the spinal cord. In one arteriole a small co ec ion 
of foam cells is present beneath the endothelium. . 

The ependyma of the right lateral ventricle is destroyed m p a 
and is overlaid by fibrin and pus. The residual ependyma ce 
devoid of cilia and their nuclei are pyknotic. The subepen yma 
is cedematous and most of the vessels have undergone ^ 
necrosis (fig. 5). In general there is little, associated P er ^ „ 
cellular infiltration, but some of the larger veins are 
lymphocytes. The intervening glia is sparsely ra , „ s are 
lymphocytes and disintegrating leucocytes. Small hmmorr 0 
also present. No organisms are demonstrated. , 

The choroid plexuses of the left lateral and fourt v en r ^ ^ 
great leucocytic infiltration of the stroma at the T s ® j„„ eDe ra- 
The epithelium is for the most part intact but there is °° era tiou. 
tion of the cells, with karyolysis and hyaline-drop e g or g an jsms 
Much pus is present in the interstices between the 

are demonstrated. . ofrmnin.tr 

In another case of relapse following prema the 

penicillin treatment and death on the 13th day 0 ^ ^ m05 t 

pathological findings in the central nervous sys ^ meninges 
identical and the vascular changes are similar. 
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Arteritis in pneumococcal meningitis 



Fio. — Case 4. Subependymal arteriole from lateral Fig. 0. — Case 4. Pial arteriole from 

ventricle, showing fibrinoid necrosis. H. and E. cervical cord, showing necrosis and 

X 500. purulent infiltration of media in 

left upper border, and raising of 
endothelium by red corpuscles anti a 
few leucocytes. H. and E. XlSO. 



Fig. 7.— Case 5. Coronal section of brain, showing collapsed subdural abscess skirtine 
medial ami ventral aspect of right cerebrum. 
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over the right frontal lohe a few vessels show purulent arteritis and 
others fibrinoid necrosis ; they coincide with points of maximal 
cellular infiltration of the meninges. Beneath the ependyma a few 
small arterioles have undergone fibrinoid necrosis and over the 
brain stem some arteries show focal purulont infiltration of the 
intima with the deposition of fibrin, or complete zones of fibrin 
throughout the intima. The adventitia is often infiltrated with 
mononuclear cells and neutrophil leucocytes and, in places, these 
cells extend into the media, with destruction of the muscle and 
deposition of fibrin. Arteries of all calibres are affected. Similar 
focal purulent arteritis or fibrinoid arteriolar necrosis appear in 
the pia of the cervical cord (fig. 6). The substance of the cord is 
unchanged. 


Comment on cases in intermediate stage 

In these two cases the meningitis had entered a more chronio phase, 
accompanied by stagnation of the pus in different parts of the cerebro- 
spinal pathway and pyocephalus. The vascular changes in the 
meninges and nervous tissues were of much the same character as in 
the early stage, but were almost entirely restricted to arteries. 
Purulent infiltration of the whole thickness of the wall or of the 
intima alone, and fibrinoid necrosis either of the whole wall or of a 
part of the media or intima, were observed. The region of the brain 
stem and spinal cord appeared more liable to be nffeoted than other 
parts of the brain and corresponded with the greatest deposition of pus. 


III. Late stage 

Case 5. Frontal sinusitis. Purulont lepto- and pachymeningitis 
(pneumococcus, type 7) 

A. H., aged 22, a previously healthy young soldier, developed acute right 
frontal sinusitis. He was treated with sulphapyridine (34 g.), and after 12 days 
ho Beemed to ho recovering when he developed purulent lepto- and pachy- 
meningitis (pneumococcus, type 7), which began with headache, fever, a 
generalised fit, paralysis of the left leg and weakness of the left arm. He was 
treated for 4 days with sulphathiazole (29 g.), and the right frontal sinus was 
explored and an extradural abscess evacuated. The leptomeningitis was 
intenso, producing paralysis of oculomotor nerves and signs of severe damage 
to the anterior horn cells and spinal nerve roots. On tho fifth day of the 
moningeal infection he was delirious, restless and screaming, with intense neck 
rigidity, fixed dilated pupils, motionless eyeballs, flaccid left hemiparesis and 
hemianalgesia, and severe abdominal distension ; spinal fluid flowed freely 
and contained } volume solid pus. Blood culture negative. Penicillin wns 
given by lumbar puncture for 7 days (total 34,500 units) untd the flow of C.S.F. 
stopped, presumably from adhesions between arachnoid and pia. Systemio 
penicillin was given for 21 days (total 2,770,000 units). 

After 2 days of intrathecal and 1 day of parenteral treatment, the C.S.F. 
became sterile. However, signs of involvement of the spinal cord and roots 
extended i the left leg became completely paralysed, most of the tendon jerks 
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in the lower limbs were lost and there was retention of urine, while the tisht 
side of the diaphragm also became paralysed. h 

On the 10th day of meningitis, in order to inject penicillin into the ventricles 
parietal burr holes were made and it was found that he had free pneumococcal 
pus (8 c.c.-f ) in the subdural space on the left side; this was successfully 
treated by local instillations of penicillin solution through an indwelling 
catheter (45,000 units in 8 days). No pus was found in the subdural space on 
the right side. Five thousand units of penicillin were injected into the lateral 
ventricle ; this route was not again used, because the right ventricle was 
always difficult to find and the left was not tapped because of subdural pus 
over the left hemisphere. 

By the 12th day of meningitis, when lumbar puncture was yielding dry 
taps, the patient was considerably improved : he smiled and spoke, his sight 
was impaired but was improving, his pupils were beginning to react to light, 
oculomotor palsies were still gross but were beginning to recover ; his limbs 
and trunk presented a picture resembling recovering poliomyelitis — profound 
muscular wasting, with absent tendon jerks, poor peripheral circulation and 
also retention of urine. Blood urea 80 mg. per 100 c.c. on 15th day. Ee 
became sleepless and mildly poikilothermie, and his tongue was raw and red. 
On the 27th day he suddenly developed a mild diabetes insipidus (output 159 or. 
in 24 horns). 

Partial recovery of all muscular paralyses continued, and his temperature 
had been practically normal for two weeks, with pulse steady though on a 
high level when, on the 35th day of the meningeal infection, he developed signs 
of a right-sided brain abscess. One hundred c.c. of subdural pus on the right 
side of the falx cerebri were aspirated through the medial part of the right parietal 
lobe ; the pus showed Gram-positive cocci in films but no growth in cultures. 
He improved, but relapsed. A further attempt was made to drain the abscess 
without success, and he died 7 weeks after the onset of meningitis. A high 
blood pressure ranging up to 225/158 mm. was a feature of the final phase oft o 
illness, though after withdrawal of the pus it fell to 136/60 for a short time. 

Necropsy. {PM. 234. 1943). Septicaemia. Subdural abscess. 

Purulent leptomeningitis. Left frontal sinusitis. 

Obsolete tuberculous focus in lower lobe of left lung. Moaera 
oedema and congestion of lungs. Dilatation of right ventrice o 
heart. Septic spleen. Chronic purulent cystitis. Ascending puru en 
pyelonephritis with moderate dilatation of pelvis . and ureter o 
both kidneys. No further abnormalities in abdominal or orac 


organs. . ., f t j ie 

There was chronic osteomyelitis of the posterior wa 
right frontal sinus, which contained a small amount of grey ge ® . 

material. A Bubdural abscess (up to 3X2A cm. in e 
plane) extended along the right border of the superior ongi 
sinus to gain the medial and ventral surfaces of the rig 
lobe and ended in the right middle fossa over the hippoca ^ 
inferior temporal convolution (fig. 7). Dense fibrous a esio ^ 
brain, falx and tentorium throughout this area and . e ng ^ 

the cerebellum was similarly adherent to the tentorium. ^ ^ cB5 , 
of the abscess was composed of dense grey fibrous tissue (up 
thick on the dural aspect and about 0-1 cm. thic' o adjacent 
aspect) and the contents consisted of thick grey pus. 
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cerebral convolutions were considerably deformed by pressure. 
Gummy adhesions united the araclmoid membrane and clivus. 

Apart from puncture wounds, no further visible abnormality was 
found in the substance of the brain, including the ventricular system. 
Dense grey fibrous adhesions linked the dura and araclmoid membranes 
throughout the posterior aspect of the spinal cord. A small pocket 
of pus occupied the lumbar subdural space but no further pus was 
found in the theca. The roots of the cauda equina were densely matted 
by fibrous tissue apart from occasional spaces containing clear fluid. 
There was less conspicuous fibrosis of the subarachnoid space at 
higher levels of the cord, the posterior aspect being mainly involved. 
Numerous disseminated pin-point and pin-head orange flecks occupied 
the white matter beneath the pia in the cervical and upper thoracic 
segments, becoming fewer in the lower thoracic and absent from the 
lumbar and sacral segments. There was considerable diffuse softening 
of the substance of the cord. 

Microscopical examination. Sections of the kidney show a focal 
purulent ascending pyelonephritis. There is no visible alteration of 
the blood vessels in the kidney, pancreas and suprarenal. The splenic 
pulp is acutely inflamed. 

The dura over the left cerebrum is slightly thickened by the 
formation of young granulation tissue, Bparsely infiltrated with 
lymphocytes and plasma cells, over its inner surface. There are no 
vascular changes. The subdural abscess on the right side is enclosed 
by a dense wall of fibrous granulation tissue, and there is great 
fibrous thickening of the adjacent leptomeninges. The underlying 
convolutions are compressed and show severe diffuse neuronal 
degeneration accompanied by foci of softening. Beneath the pia 
there is proliferation of the perforating vessels and of the microglia. 
In some of the leptomeningeal arteries of this region the endothelium 
is raised over an eosinophilic coagulum, and in a few the intima is 
slightly thickened by spindle cells. 

There is advanced chromatolysis in the tuberal nuclei of the 
hypothalamus, and less marked of the paraventricular and supraoptic 
nuclei. The leptomeninges here are sparsely infiltrated with lympho- 
cytes, large mononuclear cells and (fewer) neutrophil leucocytes. The 
infiltration extends into the tuber to reach the floor of the third 
ventricle. A few vessels at the upper end of the pituitary stalk have 
undergone recent thrombosis accompanied by haemorrhage into the 
intima and early fibrinoid necrosis of the media. The site of the 
needle track entering the right frontal lobe is occupied by degenerating 
leucocytes ; much of the ependyma here is missing. The choroid 
plexus from a lateral ventricle is osdematous, but its stroma is other- 
wise normal. The epithelium shows severe focal degeneration with 
pyknosis and karyolysis : in places the epithelium is missing ; else- 
where the cells are greatly flattened in a manner suggesting 
regeneration, but no mitoses are found. A little cellular debris 
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containing an occasional neutrophil leucocyte and a few Gram-positive 
cocci in pairs and short chains are present between tbe villi. 

Over the base of the pons there is considerable thickening of the 
leptomeninges by young collagenous tissue unevenly infiltrated with 
lymphocytes, a few plasma cells and large mononuclear cells. Many 
perforating vessels have undergone fibrinoid necrosis and thrombosis, 
associated with perivascular zones of softening and hemorrhage 
which are infiltrated with cells of microglial character (fig. 8). In the 
meningeal vessels, notably the basilar artery, there is focal cellular 
hyperplasia of the intima without necrosis or cellular infiltration. 

Throughout the cord there is collagenoxis thickening of the pia 
and a rather sparse uneven infiltration of the pia-arachnoid with 
small lymphocytes and large mononuclear cells, almost confined to 
the posterior surface. A few extra- and intracellular Gram-positive 
cocci are present. In an upper thoracic segment the small arterioles 
of the pia, and particularly in the adjacent nerve roots, show fibrinoid 
necrosis of part or the whole of the circumference of the media, 
accompanied by swelling, great vacuolation and cellular hyperplasia of 
the intima. Some have the intimal change alone. Affected parts of 
the nerve roots are infiltrated with round cells and the fibres are in 
various stages of degeneration. In the white matter of the cord, 
especially of the posterior and lateral columns, there are about 15 
ill-defined wedge-shaped patches of softening of variable size in- 
filtrated with microglial cells. A few smaller foci lie more deeply in 
the lateral columns. Both posterior horns are necrotic, and there is 
severe chromatolysis of the anterior horn cells. No definite changes 
are present in the perforating vessels. 

In a lower thoracic segment, with the attached dura, the vascu ar 
changes are more conspicuous and affect both meninges and cor • 
The dura is thickened by fibrosis and an uneven, mainly perivasc ar, 
granulomatous cellular infiltration associated with recent us 
hsemorrhages: Almost all the dural vessels show conspicuous yp® 
plastic thickening of the intima, sometimes almost oblitera mg 
lumen. In some a dense zone of fibrin occupies the innermos p ^ 
of the intima ( cf . fig. 9) ; in others a crescentic mass of fibrm eS 
depths of the thickened intima. In a few there is recent &m 
just beneath the endothelium (fig. 10). Similar vascu ar • c ^ 
are present in the pia, in the nerve roots and in t ® c0 ,.’j cells 
affected vessels are surrounded by aggregates of microg ^ 

(fig. 11). The smaller arterioles, as shown in P " ^ 
usually display fibrinoid necrosis of the whole thickness gevere 
In the substance of the cord there is cedematous sox areas of 

chromatolysis of the neurones, with a few small e 
necrosis. . , „ re similar 

In the lumbar region the vascular changes m e conspicuous ; 
but in the leptomeninges and nerve roots they are es vess els 

in. the cord they are restricted to necrosis of a iew p ° 
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Pig. 8.— Case 5. Fibrinoid necrosis and thrombosis of & x4/0. 
pons, with perivascular hsemorrhage and cellular infiltration. U, 

Pig. 9.— Case 5. Artery in dura of cauda equina, showing Mtnnal fibrosis an 

fibrinoid material beneath endothelium. H. and P. xw 

Pro. 10. — Case 5. Artery in thoracic dura.showing endarteritis and recent hcmorrK 
in innermost part of intima. H. and E. X 43 . . • 

Fig. 11.— Case 5. Pibrinoid necrosis of arteriole m posterior hom “ 0 H 8nd R 
segment of cord, with increase of microglial nuclei m adjacent tissue. 

Fig. 12.— Case 5. Obliterative endarteritis in sheath of nerve root of cauda q 

H. andE. X230. . and !o53 

Fig. 13.— Case 5. Nerve root in cauda equina, 'hmmatoxylin. XlSO. 

of myelin in right half of root. Phosphotungst.c ae.d haunato y 
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in the border of one anterior horn. The anterior horn cells aro well 
preserved except for a few which show chromatolysis. 

In the cauda equina the roots and meninges are matted by very 
vascular fibrous granulation tissue which is unevenly infiltrated with 
lymphocytes and large mononuclear cells. The dura is densely 
infiltrated in places with similar cells. Obliterative and neorotising 
vascular changes of the kinds already described are conspicuous in 
all areas. In the nerve roots advanced endarteritis (fig. 12) is 
accompanied by degeneration of the fibres in many areas (fig. 13). 

In this case the infection of the meninges was intense and led to 
purulent pachymeningitis as well as leptomeningitis. The subdural 
infection over the left cerebral hemisphere subsided completely after 
evacuation of the pus by operation and instillation of penicillin into 
the subdural space through an in-dwelling catheter. The subdural 
infection on the right side was not discovered until a few days before 
death, by which time there was a large subdural abscess on the medial 
and inferior aspects of the right cerebral hemisphere. 

Owing to shortage of supplies systemic penicillin was stopped on 
the 24th day of the meningitis and it was 11 days after this that 
the right subdural abscess produced symptoms of raised intracranial 
pressure which led to death. During this final phase the blood pressure 
was unusually high. This is not usually scon in raised intracranial 
pressure of gradual onset and is probably attributable in this case to 
the severe changes in the arteries of the central nervous system. 

Signs of the severe degenerative and necrotio changes in the nerve 
roots and grey matter of the spinal cord, with a clinical picture 
resembling poliomyelitis, were present within 2 wcoks of the onset 
of meningitis, thus suggesting that the vascular changes in the spinal 
meninges and nerve roots were already present at an early stage of 
the illness. The poikilothermic tendency and the diabetes insipidus 
which were observed in the fourth week of the meningitis were in 
accord with the changes in the hypothalamus and pituitary stalk. 
To what extent these changes were due to neorotising arteriolitis is 
uncertain, since those observed histologically appeared to be of 
recent origin. 


Case 6. Pneumococcal meningitis (pneumococcus type 13). 

J. W. (RX 17936/43), male aged 15, four yearn before had had a left 
subdural abscess, post-operative brain fungus and leptomeningitis (H. influenza) 
as complications of mastoiditis. The pneumococcal meningitis followed recur- 
rence of middle-ear infection and lasted 53 days from onset to death. On the 
first day of the disease the patient received 6 g. of sulphapyridine, from the 
2nd to the 7th day 60 g. of sulphadiazine, and thereafter until death 71,000 units 
of penicillin intrathecally by various routes. During the meningitis the area of 
the old healed brain fungus bulged, the thin scar on its surfaco became necrotic 
and ulcerated, and eventually a pneumococcal abscess formed in the underlying 
brain, at the aite of what had been shown by air studies 4 years previously to 
be a brain cyst. 
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Necropsy (PM. 536. 1943). Fibrous pleural adhesions over apices 
of upper lobes of both lungs. Basal bronchopneumonia and hypostatic 
congestion of left lung ; acid digestion of lower lobe of right lung. 
No further abnormalities in other thoracic and abdominal organs. An 
emaciated young man with greater wasting of right leg than of left. 

A soft, fluctuant, elliptical area of greyish-pink wrinkled epithelium, 
13x4 cm. and corresponding to the site of the fungus cerebri, 
occupied the scalp behind the left ear over a defect, 10x4 cm., in 
the bone, including the mastoid antrum. The centre of the epithelium 
was superficially ulcerated. The cerebral convexities were dry and 
united in many places to the dura by delicate fibrous strands. Over 
the brain stem these were denser, and the leptomeninges here were 
matted by grey fibrous tissue containing pockets of thick pus obscuring 
the nerve roots. Similar but non-purulent tissue occupied the basal 
cistern and proximal ends of the Sylvian fissures. The floor of the 
third ventricle was ballooned and there was great softening and 
fluctuation of the left parieto-occipital region immediately dorsal to 
the fungus. The arachnoid membrane over the cistema magna was 
grey and opaque, the cistern itself being filled with thick pus. 

On section a cavity, 2-8 x 2-2 x 3-8 cm., containing pultaceous 
exudate occupied the left cerebrum beneath the fungus and com- 
municated with the vestibule of the lateral ventricle by an orifice 
0*6 cm. in diameter. The cavity was lined with tough pmkish-grey 
tissue of wash-leather consistency np to 1 cm. thick. Gross hffimor- 
rhagic softening affected the adjacent white matter. Thick pus n 
the occipital horns and formed a membrane over the ependyma, 
plugging the right foramen of Monro and occluding the ague uc 
(fig. 14) and fourth ventricle. The whole of the ventricular sys cm 
was dilated, especially the left lateral ventricle. 

Numerous petechial haemorrhages mottled the subependyma w 
matter and, over the right temporal horn, were accompanie y P 
softening. The lining of the fourth ventricle was replace y a 
pinkish-grey membrane about 0-05 cm. thick, and all t e ora ^ 
were sealed by gelatinous grey tissue which, in the le t ora ® ^ 
Luschka, contained a thrombosed vessel with thick grey , j] 8 
few recent haemorrhages, up to 1x0-5 cm., oeoupie ar tery 

oblongata beneath the hind end of the ventricle. T e as 


was patent. . • , er the 

Tough, fibrous adhesions united the dura and arac moi 
upper cervical segments of the cord and throughou su p,dura? 
8 cm. of the cauda equina. Some recent clot occupie eXUC Jate 
space over the upper cauda equina. A thin film 0 & being 
covered the whole length of the cord in the subarac noi ^ cor d 
most marked in the thoracic segments. The su s anc an d 

was uniformly rather soft and the demarcation e 
white matter indefinite, especially in the cervica segm ; s e pi- 

Microscopical examination. The surface o 
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nr 14 — Case C Obliteration by inspissated Tig. 13 — Case G Endarteritis m chronically 

pus of dilated aqueduct of S\hius inflamed meninges o\er medulla oblongata 

H and E X 10"> 



Fio 1G — Caso G As in fig 15, sliowmg Jbic 17 — Caso G Endarteritis in sheath of a 
end art ( ntis, and, m central \ essel, obliteration ner\ o loot in the cmida equina. H and E 

of lumen by old organised thrombus. Xll r » 

\\ eigert’s fuchsolm and neutral red X 100 




ARTERITIS IN PNEUMOCOCCAL MENINGITIS GG1 

thelialised and beneath this the brain tissue is completely destroyed 
by fibrous granulation tissue to within about 1 cm. of the lateral 
ventricle. There is necrosis and purulent infiltration of this juxta- 
ventricular tissue but no organisms are demonstrated. Obliterating 
endarteritis fibrosa is present in a group of vessels near the deep 
border of the granulation tissue. The leptomeninges over the frontal 
region appear normal, but towards the base — for example over the 
right temporal lobe— there is slight infiltration with large mononuclear 
cells without fibrosis. Over the mid-brain fibrosis is slight, areas of 
old pus lie beneath the arachnoid membrane and the pia is infiltrated 
with lymphocytes and large mononuclear cells, some of which have 
ingested red corpuscles. About the fourth ventricle fibrosis is great. 
The tissue is infiltrated with large mononuclear cells, neutrophil 
leucocytes, plasma cells and lymphocytes. In the meninges vascular 
changes are limited to the region of the fourth ventricle. Here 
endarteritis fibrosa (figs. 15 and 16) is conspicuous and in some 
instances there is evidence of thrombosis with recanalisation. Earlier 
stages of endarteritis are also present. In other arteries, of all 
calibres, there is hypertrophy of the intima with reduplication of the 
elastica ; it is focal in the basilar artery. The dorsal half of the 
medulla oblongata, the walls of the fourth ventricle, flocculi and 
central white matter of the cerebellum contain areas of recent 
hemorrhagic and anemic softening, some of which are infiltrated 
with macrophages. Hemorrhages are present in the mid-line near 
the median raphe 'in association with thrombosis of a few of the 
perforating veins. 

The ependyma of the fourth ventricle and aqueduct is occupied 
in many places by macrophages. These cells abound in the sub- 
ependymal glia and some have gained access to the adjacent pus in 
the lumen. The subependymal vessels are cuffed with lymphocytes. 
Similar changes are present in the lateral ventricles, where much of 
the ependyma has been destroyed. The choroid plexus of the fourth 
ventricle shows focal purulent infiltration of the stroma and hyaline- 
droplet degeneration of the epithelium. The plexus of the left lateral 
ventricle is matted with pus, fibrin and young granulation tissue, but 
the villi show little change beyond focal leucocytic infiltration of the 
stroma. Feebly staining Gram-positive cocci are present in small 
numbers in the meninges of the mid-brain and in the pus within the 
ventricles. 

Meningitis similar to that seen over the medulla oblongata is 
present throughout the length of the cord. In the cervical region 
and lower cauda equina the dura and pia-arachnoid are fused by 
fibrous granulation tissue, while in the thoracio and lumbar segments 
there is less fibrosis and the subarachnoid space contains foci of old 
pus. Apart from a little round-cell infiltration of its inner layers, the 
dura where adherent is unaltered. The nerve roots are not obviously 
affected. The cervical and upper thoracic segments show severe 
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central softening of the cord, involving all the grey matter excej 
the lateral fringes of the anterior horns. In the softened area thei 
are slight diffuse recent haemorrhage, sparse infiltration with laq 
mononuclear cells and a few groups of neutrophil leucocytes. T1 
white matter at the periphery of the cord shows well defined wedgi 
of ischasmic degeneration in which the axis cylinders are great] 
swollen or destroyed and the myelin sheaths conspicuously balloone: 
In the lower thoracic and lumbar segments the cord appears norm: 
apart from chromatolysis of the neurones. 

At all levels some of the pial arteries show variable degrees < 
endarteritis fibrosa and, in one artery in a cervical segment, this : 
associated with mucinous degeneration of the deeper parts of tt 
thickened intima. Occasionally, especially in the small arteriole: 
there is great stenosis. No fibrinoid necrosis or thrombosis i 
observed in these arteries, and no changes are found in the perforatin 
vessels. In general the changes tend to diminish towards the cauds 
segments, but a single artery in the lower cauda equina shows markei 
endarteritis (fig. 17). There is also thrombophlebitis, with organisatioi 
and reeanalisation, of a large epidural vein at this level. 


Comment on late stage 

In these two eases the meningitis was protracted for 7-8 weeks. 
The principal histological difference between this and the intermediate 
stage lies in the conspicuous evolution of proliferative vascular 
changes in this late stage ; these are particularly well displayed fin 
case 5. In both these cases endarteritis fibrosa is pronounced, bat 
progression is shown by the presence also of fibrinoid necrosis, eit er 
of the intima or of the whole wall in the small arterioles (figs. 8 an 
Hh as well as by the escape of red corpuscles into the intima (fig- t 
These vascular changes are promiscuously distributed, hut predomma e 
in the brain stem and spinal cord, a tendency that was a rea y ® 
evidence in the intermediate stage. In association with ^ iese ’A e 
obviously referable to them, there was widespread softening Q 
spinal cord in both cases and, in case 6, medullary hcemorr a D 
which death was probably due. 


Discussion 

The cases described have been divided into three groups a 
to the stage reached by the meningitis. In the ear y 8 . ^ 

death within a few days of the onset, vascular changes were ^ ^ 
found in the leptomeninges over the cerebral convexi ies, 
pus was most abundant. Here thrombophlebitis an e . gffl3 p 
endarteritis affected the larger vessels. Fibrinoid ne ^ . . - Qn ir jth 
arterioles was present beneath the ependyma m a- ^ the 

necrotising ependymitis. That these changes were 
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infection is proved by their identification in similar early cases 
untreated by any form of chemotherapy. It is instructive to observe 
how cases of pneumococcal meningitis in the pre-ehemotherapeutic 
era invariably came to necropsy within ten days of the onset of the 
disease, and mostly within a much shorter time. 

The more prolonged infections, as seen in the intermediate and 
late stages, represent a form of reaction rendered possible by 
chemotherapy. In the intermediate stage the duration of the 
infection was about two weeks. The meningeal inflammation had by 
then become subacute. But the vascular changes were similar in 
general character to those observed in the early Btage. The tendenoy 
for fibrinous deposits to appear in the walls of meningeal arteries, 
with or without accompanying foci of purulent panarteritis, and the 
predominance of such lesions in the Tegion of the brain stem and 
spinal cord rather than over the cerebral convexities, are of interest 
when these cases are compared with those in the late group, and 
indicate both the tendency for vascular lesions to develop where pus 
stagnates and also the continuity between our various stages. On 
the other hand it must be admitted that the vascular changes of the 
intermediate stage were by no means conspicuous ; also that the two 
cases mentioned form a somewhat slender link between the early and 
late stages. They are, however, closely similar in one late case, not 
described in this paper, in which the patient survived for six wcoks 
after the onset of the infection. In thi3 case it is noteworthy that 
the vascular changes were confined to the spinal cord, and were again 
associated with softening and htemorrhage in the cord, which had 
obviously resulted from circulatory disturbance. 

The changes we have described in the early stage have been 
cursorily noted by others in association with purulent meningitis 
(Untersteiner, 192G ; Neal, Jackson and Appelbaum, 1931 ; Winkel- 
man and Eckel, 1935), and endarteritis fibrosa has been found in the 
chronic healing phases of some forms of purulent meningitis, especially 
those due to the meningococcus (Kaufmann, 1911) and in streptococcal 
meningitis (Turnbull, 1914-15), but the degrees seem to have been 
slight. So far as we are aware the gross proliferative and necrotising 
changes which we have observed in our late cases have not previously 
been reported in association with purulent meningitis. 

These late cases (nos. 6 and 6) show progressive vascular changes 
which include fibrinoid necrosis, either alone or in combination with 
endarteritis fibrosa, and endarteritis fibrosa with or without thrombosis. 
There is perivascular inflammatory-cell infiltration. Collectively the 
picture closely resembles that seen in many cases of polyarteritis 
nodosa. Haemorrhage and softening were found in many parts of the 
brain stem and spinal cord in association with these vascular changes, 
which were thus in large measure responsible for death. 

The resemblance between these late vascular changes and those 
found in polyarteritis nodosa and in the granulomatous forms of 
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meningitis, especially tuberculosis, suggests a similar mode of 
production. Rich and Gregory (1943) have demonstrated the role 
played by tissue sensitisation in the aetiology of polyarteritis nodosa, 
and it is possible that repeated reinfection of the cerebrospinal 
pathway from an unresolved focus may similarly have been 
responsible in our late cases. On the other hand we have seen several 
patients who have recovered completely from more than six successive 
attacks of pneumococcal meningitis (Smith et al.) without any clinical 
residuum suggesting arterial damage. And in case 5 the clinical 
findings suggest that degeneration of the spinal grey matter and nerve 
roots began during the initial attack of meningitis, though it is 
possible that inflammatory infiltration of the nerve roots was the 
first change. In case 6 there was an attack of meningitis 4 years 
before death : this, however, was due to H. influenza and, while 
some part of the chronic inflammatory changes in the meninges may 
be referable to this attack, it does not help in explaining the more 
recent vascular developments. 

Again, the sulphonamides have been incriminated in the develop- 
ment of these vascular lesions as a result of sensitisation. But in 
cases 5 and 6 this form of chemotherapy was discontinued when 
penicillin was begun, since at that time we were testing the therapeutic 
value of penicillin. Thus the question of sensitisation by sulphonamides 
does not arise. 

The clinical significance of these findings cannot as yet e 
determined. With few exceptions recovery in the survivors o 
pneumococcal meningitis in our series treated with penicillin as 
been complete (Smith et ah). In one case, however, the evi enre 
suggests that decerebrate rigidity ■with posterior basic meningi i»< 
hitherto supposed to be due to hydrocephalus, may be the resit 
a circulatory disturbance in the brain stem ; for this patien , v 
had a blocked subarachnoid space when penicillin treatmen 
begun 4 weeks after the onset of meningitis, continued to s ow s 
extensor rigidity of the limbs months after the circu ation o ^ 
cerebrospinal fluid had been restored to normal. This case, i ^ 
fatal cases described in the present paper, was an examp c 
intense infection. 


of 


SUMMABY 

Penicillin therapy, in a few unsuccessfully treated £S 

pneumococcal meningitis, has permitted the observa ion 

occurring in the late stages of infection. „-niViious and 

In those which have progressed for 7 or 8 wee s, not j 05 a 

progressive vascular changes resembling those of po y j iave been 
have been identified in the central nervous system. nerv ou5 

accompanied by haemorrhage and softening of e a 

tissues. , meningitis sogges* 

Study of the earlier stages of pneumoco 
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that these late vascular changes are probably evolved from the earber, 
but tissue sensitisation through repeated reinfection of the cerebro 
spinal pathway from an unresolved focus is a possible factor in their 
production 
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616 . 831 . 433 — 008 . 61 : 616 . 37 — 006 . 46 
BASOPHILISM AND CARCINOMA OF THE PANCREAS 
A. C. Crooke 

From the Endocrine Unit, The London Hospital 

Cushing considered that the syndrome -which he called basophilism 
was caused by an adenoma of the basophil cells of the anterior lobe 
of the pituitary gland. A similar clinical picture had already been 
described in two patients by Leyton, Turnbull and Bratton (1931) 
in association with carcinoma of the thymus and subsequently others 
were reported with tumours of the adrenal cortex or the ovary, or 
with no tumour in any of these organs. In 1935 the author described, 
a hyaline change in the basophil cells of the anterior lobe of the 
pituitary gland which is now accepted as the only common pathological 
change common to all forms of basophilism, but the part which these 
cells play in the causation of a disease with such varied pathological 
changes is still controversial. In this paper, therefore, a case of 
basophilism associated with a tumour of the pancreas is reported in 
the hope that, by adding more material to the already heterogeneous 
collection, we may arrive at a clearer conception of the altered 
physiological activity in this condition. 


Case report 
Clinical history 

W. D., a single woman aged 28, was admittod to the London Hospital on 
23rd June 1945. She gave no relevant family history and had had no serious 
illness until six months previously, when she had begun to have vague abdominal 
discomfort unrelated to moals but associated with occasional vomiting. At 
this time she noticed that her face was becoming darker and she began to put 
on weight. Two months before admission she stepped on a nail which she 
extracted from her foot by herself. She was given anti-tetanic serum and subse- 
quently developed a rash on her arms, chest and abdomen which eventually 
cleared up completely, but she was also having a bromide tonic at this time. 
Sho was sont home and her mother noticed that her face had become swollen, 
darker and more hairy, although she had noticed a little hair on her lips for 
the previous two years. Her periods, which had been regular, ceased abruptly 
two months before admission. She also remarked that her legs were getting 
thinner and a week before admission she complained of aching in the legs and 
tightness in the chest, with some difficulty in breathing. She was also becoming 
thirsty, had some frequency of micturition and was very constipated, and she 
said her sight was deteriorating. 
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On examination she seemed rather dull and apathetic. She had a full face 
with a dusky, plum-coloured, somewhat greasy skin. She had a moderate 
amount of dark hair on the upper lip and chin and male distribution of hair on 
the abdomen. There was a small red macular rash scattered over tho front of 
the upper part of the thorax. There were no stria; or bruising end the clitoris 
was not enlarged. The tongue was furred and the breath foul. Thera was no 
enlargement of the lymphatic glands. The systolic blood pressure varied from 
145 to 190 mm. Hg., the diastolic from 80 to 100. The heart and lungs wens 
otherwise normal. In the abdomen the live r edge was palpable and there was 
a diffuse ill-defined mass palpable just below it. At first this mass was con- 
sidered to be an adrenal cortical tumour but the urinary output of 17-ketosteroick, 
which was 15 mg./24 hours, made this diagnosis unlikely. The urine contained 
a cloud of albumin on admission and glycosuria was present continuously. 
The blood sugar was 100 mg./lOO c.c. fasting, but it rose progressively to 
250 mg./lOO c.c'. two hours after the oral administration of 50 g. of glucose. 
The haemoglobin was 110 per cent, and the total white cell and differential 
counts were normal. Tho blood urea was 30 mg., plasma chlorides 661 mg. 
and serum calcium 10-3 mg./lOO c.c. An X-ray of the sella turcica was normal. 
Four days after admission she developed jaundice which increased rapidly. 
Eleven days after admission she began vomiting foul black material and her 
urinary output fell from an average of 86 oz. daily to 42 oz. on the tenth day, 
2 oz. on the eleventh and none the twelfth day. She died at 12.10 a.m. on tho 
thirteenth day after admission. 


Summary of necropsy (PM. 136, 1945) 

Obstructive jaundice. Carcinoma of head of pancreas associated 
with basophilism. Scirrhous carcinoma, measuring 4-5x4 cm., replac- 
ing greater part of head of pancreas and constricting, through 
invasion, lower end of common bile-duct. Great dilatation, 4 cm. in 
circumference, of common bile-duct above obstruction, and of cystic 
and right and left hepatic ducts. Hsemorrhagic secondary growth 
in serosa and wall of gall-bladder just below neck, with perforation 
of mucosa and dilatation of gall-bladder by fluid blood and dot 
mixed with a little bile. About 3 oz. of blood clot in peritonea 
cavity. Numerous nodules of secondary growth throughout liver, 
most of them firm and white, a few haemorrhagic and cystic. A en 
small nodules of secondary growth in peritoneum of pouch of Doug as. 
Deep jaundice of liver tissue. Jaundice and severe parenchymatous 
degeneration of kidneys. Moderate jaundice of skin and made o 
conjimctivse. Dilatation of stomach and ileus paralyticus o smn 
intestine. Very severe acid digestion of lungs. Normal spew 
Diffuse hyperplasia of cortex throughout both suprarena 0 ' 

with diminution of lipoid and poorly developed pignmn z 
Abundant colloid in normal thyroid. A little glandular issu 
mainly adipose thymus. No visible macroscopic abnonna 1 
pituitary or parathyroids. Slight active and chrome : r eu 
endocarditis of tricuspid valve and chronic of mitral. % , a . 
trophy without dilatation of left ventricle. Slight genera a . 

No abnormality in pelvic organs or external genitalia. ° y- 0 

of osteoporosis in right femur, tibia, humerus, ribs or ve 
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abnormality in brain. Considerable obesity of whole body. Plump 
face with pronounced moustache (1 cm. long) and less marked 
hirsuties over rest of face. Hair all over lower abdomen and pubes. 
Acneiform eruption in skin of back. A well developed, muscular 
woman. 

Weights. Body 135 lb. 12 oz., length 5 ft. 5 in., heart Ilf oz., 
liver 3 lb. 15§ oz., kidneys 12f oz., suprarenals — left 11-8 g., right 
13-1 g., spleen 2f oz., brain 2 lb. 121 oz., pituitary 0-68 g., thymuB 
13-9 g., thyroid 28-1 g., ovaries 8-4 g. 


Microscopic examination 

Pituitary. The gland was divided horizontally into two equal 
parts after formol fixation and these were embedded together. Serial 
sections were made and stained by a modification of Mallory’B acid- 
fuchsin anilin-blue (Crooke and Russell, 1935). There is no obvious 
disparity in the numerical proportions of the different types of cells 
in the anterior lobe. The acidophil and chromophobe cells appear 
normal but, with rare exceptions, all the basophil cells show grades 
of the hyaline change characteristic of Cushing’s syndrome (Crooke). 
The change is conspicuous in most. Occasional basophil cells are 
of giant size and contain 3 or 4 nuclei. No adenoma is seen, but 
four foci of hyperplasia of chromophobe cells are present in the 
anterior lobe. The largest, measuring 1-6x1 -4 mm., is composed of 
small, greatly vacuolated cells and fewer elongated columnar cells 
containing pale-grey cytoplasmic granules. The Bmaller foci aro all 
composed of these columnar cells. All foci contain sparse unevenly 
distributed acidopliil and basophil cells. There is no abnormality 
in the posterior lobe. 

Pancreas. The tumour is composed of abundant dense collagenous 
tissue, embedded in which are trabeculse and rounded areas of well 
defined small polygonal cells with finely vacuolated, lightly eosinophil 
cytoplasm. The nuclei havo lightly staining nucleoplasm, traversed 
by a delicate net of chromatin beset with nodes of various sizes, and 
they contain a small nucleolus. Much pyknosis is present. The 
cells often form duct-like tubules, the lumen being either empty or 
partly filled with a little eosinophil debris. The tumour infiltrates the 
adjacent pancreatic tissue, which in other respects appears normal. 
With Masson’s trichrome stain the islets are well demonstrated, and 
a considerable number of these persist unchanged in on area of the 
tumour remote from the more normal pancreas. Whereas the 
granules of the islet cells are specifically stained either by acid-fuchsin 
or anilin-blue in this technique, the tumour cells proper display a 
purplish-grey cytoplasm and resemble, in this respect, the cells of 
the pancreatic acini. With Vines’s ponceau-fuchsin method the 
staining of the islet cells is not so distinctive ; occasional cells of 
the pancreatic acini contain brightly fuchsinophil zymogen granules, 
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but no granules are demonstrated in the tumour cells. There is no 
alteration in the blood vessels of the non-infiltrated pancreas. 

Sections from the liver and a ceeliac gland show secondary 
carcinomatous deposits of similar histological character to the 
primary growth. 

Suprarenals. The hyperplasia of the cortex mainly affects the 
zona fasciculata which is greatly deepened. There is great engorge- 
ment of the zona reticularis. In frozen sections stained with Sudan III 
the amount of lipoid is small ; it is mainly confined to small groups of 
cells in the outer third of the zona fasciculata hut is present also in 
occasional cells of the zona reticularis. The capsular arterioles appear 
normal. 

Kidneys. There is severe albuminous and dropsical degeneration 
of the epithelium of the convoluted tubules and loops of Henle and 
of Bowman’s capsule. Islands of first convoluted tubules have 
frequently undergone necrosis. There is slight diffuse fatty degenera- 
tion in the loops of Henle and second convoluted tubules. The late 
often contain bulky hyaline and granular bile-stained casts. The 
collecting tubules in the medulla contain more numerous, similar 
casts. There is no further abnormality in the glomeruli, interstitial 
tissue or blood vessels. In particular there is no histological evidence 
of persistent high hlood pressure. 

No abnormality is present in the thymus, thyroid or ■paralhyrm 
glands (left lower parathyroid not identified). The ovaries contain 
primary and atretic follicles together with a few small follicular cys 
No corpus luteum is seen. 


Discussion 

The association of basophilism with carcinoma of the pancreas 
is interesting because similar cases have been reported P^ 10 ^ 
In 1933 Kepler described the first example in a woman age y > 
who had a fat florid face but had lost a considerab e amoun . 
weight. She had hirsuties of the upper lip and chin, ^P c _ r 8 f ^ 
glycosuria and amenorrhcea and she gave a positive I c ^ 

hut no mention was made of pregnancy. An adrenal uin ^ 1 rc j n0(JjS 
was removed surgically was apparently a metastasis from a c ^ 
of the head of the pancreas which was found at au psy, 
histological details are not available. McLetchie an ‘ c0 ^ 
described a woman aged 26 years with basophilism g. om Bn 

a tumour in. the pancreas which they believed to be eT1 ' ^ ^ 0 j : 
adrenal cortical rest because its cells contained granu es ^ 

an acidophil stain by Vines’s method. It is no ^ or , ’ this 
that the zymogen granules of normal pancreatic ce pa ncreatic 
stain and it is possible that this tumour was a P nm , . fa - e3j acne 
carcinoma. She had a typical dusky appearance, 
vulgaris, amenorrhcea and slightly raised bloo P r ^ with 

Mellgren described another example in a woman ag 
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a “ moon face ” and typical obesity of the “ buffalo ” type, hyper- 
tension and hyperglycemia. The menopause occurred three years 
previously. The characteristic hyaline basophil cells were found in 
the pituitary glands of the cases described by McLetnhie and Scott, 
and by Mellgren ; unfortunately the gland was not examined in 
Kepler’s case. There was no detailed description of the pancreatic 
tumour in either Kepler’s or Mellgren’s case. 

The most striking feature about our patient and those reported 
in the literature is that three of the four were aged 30 years or 
younger, an age at which carcinoma of the pancreas is very rare. 
We confirmed this by analysing the post-mortem reports of carcinoma 
of the pancreas at the Bernhard Baron Institute of Pathology at the 
London Hospital. There have been 102 cases reported between 1907 
and the present time and the youngest female was aged 35, the 
youngest male 32 years. All four patients with basophilism associated 
with carcinoma of the pancreas were females. We now attempted 
to examine the question statistically and found from the reports of 
the Registrar General (1938) that in the three years 1930-1932 15 
women aged 25-35 years were certified in England and Wales as 
dying from carcinoma of the pancreas. In the 1931 census there 
were 3,308,000 women (neglecting the hundreds) between the ages 
of 25 and 36 years. The chance of a woman being registered as dying 
from carcinoma of the pancreas between the ages of 25 and 35 years 

is thus roughly x I ^q^’qqq or 1 in 06,000. The number of 

patients with basophilism is difficult to assess. Thompson and 
Eisenhardt (1943) in their review found a total of 98 autopsies reported 
in the world literature up to 1940. The average length of survival 
after the development of basophilism is probably under five years. 
If we assume therefore that 1000 oases of basophilism have survived 
for ten years from the age of 25-35 years, the chance of the group 
providing a single death from carcinoma of the pancreas is 1:66 or 
0-015. The chance of two deaths from carcinoma of the pancreas is 
(0-015) 2 or 0-000225 and the chance of three deaths is 0-000,003,375. 
Even if we assume that 10,000 cases of basophilism have been watched 
from the ages of 25-35 years, the chance of two deaths from carcinoma 
of the pancreas is still only 0-0225, and of three deaths 0-003,375. 

It might be objected that the registrations of death from carcinoma 
of the pancreas in the age group 25-35 are far below the truth but 
this is unlikely, because the incidence of carcinoma of the pancreas 
in the younger age groups is approximately constant for parts of the 
world where statistics are available ; it is constant for the different 
social classes ; it has remained the same for the last 30 years and it 
conforms with the findings in our carefully examined series. If the 
certifications were grossly incorrect the incidence would vary with 
the frequency of post-mortems at different times and in different 
places. On the other hand the incidence of carcinoma of the pancreas 
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rises so steeply with age that the probability of death horn this 
disease between the ages of 25 and 30 years would appear to be only 
about one-sixth of the probability between 25 and 35 years. So that 
even if the true incidence is six times higher than the Registrar 
General’s figures the validity of our calculation is not affected. 

Since it has been shown statistically that the association of 
basophilism with carcinoma of the pancreas is not fortuitous it is 
pertinent to seek for a cause. Now basophilism may occur without 
a tumour in any organ, but in a series of 98 eases reported in the 
literature Thompson and Eisenhardt found only twelve with no 
tumour anywhere. In 60 cases there was a tumour in the pituitary 
gland, usually composed of basophil but sometimes of chromophobe 
cells, in 22 there was a tumour of the adrenal cortex, in three of the 
thymus, and in one of the ovary. All the pituitary tumours except 
two were benign, six of the 22 adrenal cortical tumours were benign 
and the other 16 together with the three thymic and one ovarian 
were malignant. Thus there was no tumour in 12*3 per cent., a 
benign tumour in 65*3 per cent, and a malignant tumour in 224 
per cent, of the cases. All these tumours were in endocrine glands, 
but there is no evidence to suggest that any of the four pancreatic 
tumours associated with basophilism were related to the endocrine 
components of the pancreas. One must conclude that basophilism 
is a disorder usually associated with tumour formation bat the 
mechanism remains obscure. Theoretically it may he suggested 
either that the pituitary gland is producing a growth-stimulating 
substance causing tumour formation directly, or that its trophic 
hormones are stimulating the production of steroids in other gjan . 
and that these or their breakdown products may be responsib e or 
tumour formation, since it is well known that some of the steroi 
are carcinogenic in certain strains of mice. 


Summary 


A case of basophilism associated with carcinoma of the pan® 
is described and three similar cases reported in the htera UT 
reviewed. 

Statistical evidence is produced that this associa ion 
fortuitous and theories of its causation are discussed. 


not 


The author wishes to express his gratitude to Professor oco y 
the pathological report and to Dr Jennings for his assistance wi 
analysis. 



BASOPHILISM AND CARCINOMA OF PANCREAS 


(373 


REFERENCES 

Crooke, A. C This Journal, 1935, xli, 339. 

Crooke, A. C., and Russell, D. S. This Journal, 1935, xl, 255. 

Ivepler, E. J Proc. Staff Meetings Mayo Clin., 1933, viii, 

102 . 

Leyton, O. Turnbull, H. M. t This Journal, 1931, xxxiv, 035. 
and Bratton, A. B. 

McLetchie, N. G. B., and Scott, J. Endocrinol ., 1942*44, iii, 347. 

L. D. W. 

Melloren, J. Acta path, micrdbiol. Scand 1945, Supp. 

LX. 

Registrar General's Decennial Sup- 1938. London. 
plement to the 1931 Census, 
pt. 2A. 

Thompson, K. W., and Eisen- J. Clin. Endocrinol., 1943, iii, 445. 
hardt, L. 


J. MTU. B1CT. — VOL. LVm 




616 . 74 — 007 . 21 


AMYOPLASIA CONGENITA 

J. R. Gilmouk 

From the E.P.S. Morbid Anatomy Laboratory, St Andrew's Hospital, 
Billericay, Essex 

(Plates CXXVII and CXXVHI) 

Awyoplasia congenita is a name given by Sheldon (1932) to a rare congenital 
condition of rigidity of joints associated with small muscles. Rocher (1913), 
who first recognised the condition as an entity, described 31 cases from the 
literature and his own practice imder the name of multiple congenital articular 
rigidities. It was called arthrogryphosis multiplex congenita by Stem (1923) 
and myodystrophia congenita deformans by Middleton (1934). Sheldon’s name 
is best since it is short, and the disease is primarily muscular and there is a 
deficiency of formation fibres in number and in some cases one or more muscles 
appear to be absent macroscopically. 

The condition is recognisable at birth by deformities and rigid joints. In 
most cases the disease is generalised in that it affects all limbs, but Rocher 
described cases with limitation of rigidity to one joint, two homologous joints 
or the joints of one limb or a pair. Many or all the joints of the limbs in the 
generalised form are fixed in flexion or extension, abduction or adduction, or in 
rotation according to the type of joint, and movement is absent or considerably 
restricted. In Borne cases the deformities are symmetrical, in others haphazard. 
Club hand and foot aro present in most of the generalised cases. Scoliosis is present 
in a few, due to affection of the erector spinao. The muscles of the head appear 
to escape, with the exception of one case (Ealing, 1944) in which the temporo- 
maxillary joints were rigid. The affected parts of limbs are of reduced circum- 
ference which often makes the knees and elbows appear large and fusiform. In 
radiographs the muscular shadows are very small. Electrical responses in 
affected parts are weak or absent but a reaction of degeneration has not been 
observed. Congenital dislocation of the hips is commonly present and Stem 
described tibial subluxation in two cases. Associated abnormalities in other 
tissues are rare. Rocher and Ouary (1929-30) described absence of the sacrum 
and abnormalities in the ribs and lumbar vertebra and Middleton (1934) found 
microcephaly in one case. 

The disease does not appear to affect the prospect of life, but in reported 
cases most of tho subjects were infants or children and the oldest was fifteen 
(Magnus, 1902-03). In the cases collected by Rocher, males were affected 
about twice as frequently os females. A hereditary or familial incidence has 
not been recorded. In the obstetric histories oligo-amnios was described in three 
eases by Rocher and one by Price (1933) and liydramnios in two cases by 
Rocher and one by Ealing. Transverse presentation occurred in Ealing’s cases 
and breech delivery in Sheldon’s case and mine. 
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A case of amyoplasia congenita 

For comparison with the subject of the case , an apparently normal 
female foetus of 1220 g. wt. and 36 cm. crown-heel length was used 
as a control, as the size of the face, length of the limbs and the bony 
development as seen in radiographs were identical with those of 
the subject. 

• Obstetric history. Spontaneous onset of labour in the thirtieth 
week of pregnancy in a primipara was followed by breech delivery 
of a stillborn foetus, the subject of the case report. 

Macroscopic examination. The specimen was a female foetus of 
1014 g, wt. and 39-5 cm. crown-heel length. There was marked 
bilateral talipes calcaneus and the neck was very short due to 
elevation of the scapulas. Each index finger was flexed and each 
thumb flexed and adducted over the palm and very little extensor 
movement was possible. Movement of limbs, especially of the knees 
and elbows, was very limited and the legs and forearms were fixed 
in about 90° of flexion, extension obviously being impossible without 
rupturing the skin and, in the partly dissected elbow, without section 
of the anterior articular capsule. There was marked scoliosis extend- 
ing from the mid-thoracic region to the mid-lumbar, the concave 
aspect facing the right and the bending centred at the level of the 
ninth thoracic vertebra. The uppermost two ribs on each side, the 
lowermost two left ribs and the posterior parts of the remaining ribs 
were normal, while the remaining parts of the ribs were very soft, 
thin and straightened. Bones of the limbs, spinal column and base 
of the skull appeared to be normal in radiographs except for the 
scoliosis. The musculature was examined in almost all regions, 
excluding the hands, feet and face, and everywhere appeared to e 
considerably reduced in size {figs. 1 and 2). In a dissection o e 
back of one forearm no trace was found of the extensor pollicis longus, 
extensor indicis proprius and extensor pollicis brevis and their ten ons. 
Muscles were from a sixth to a third of their normal size as e o 
by the weights of the following muscles (weights in control ® us 
brackets): biceps brachli 0-476 g. (1-345); deltoid 0-715 ( ' 

infraspinatus 0-45 (2-705) ; adductor pollicis longus 0- 0 j { ’ 

extensor carpi ulnaris 0-18 (0-66) ; extensor digitorum communis ■ 
(0*9) ; extensor carpi radialis longior and brevior 0-315 ( )• 

There were a few petechise in the ventricular pericar ium 3 ( ] 

endocardium of the left side of the interventricular sep um s 
a faint streak of haemorrhage. The cusps of the mitral va \ e co ^ 
four corpora albini and one of the tricuspid valve con 01 
corpus. The lungs were atelectatic. The liver, , s P e ® ’ an d 
thyroid, pancreas, bladder, meninges, skin, intestma jiydro- 

salivary glands were congested. There was slight m oss ification 
cephalus of unexplained cause. There was no cen re 0 f pie 

in the lower end of the femur. The larger penp era fectuv- 

limbs were equal in size and appearance to those o 
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Fig. 1. — Amyoplasia congenita. Transverso section through middle of nrm. Great 
reduction m muscular tissuo with relative increaso of ndiposo tissue. "U’eigert’s 
won V»WTnT\\oxy\m nm\ van Gordon. 



l’K.. 2. — Normal f fetus. Tmns\ erso section through middle ol nrm. Weigert’a iron 
haunntoxylm and van Gieson. X3*75. 
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Microscopic examination. The biceps, infraspinatus, deltoid, Bub- 
scapularis, extensor digitorum communis, extensor carpi radialis iongior 
and brcvior and adductor longus pollicis were examined individually 
in transverse or longitudinal section. All muscles of the arm and leg 
were seen in transverse sections through the middle of the arm and 
junction of middle and lower thirds of the leg. Various intercostal 
muscles, muscles attached to various bones, especially at the knee, 
and the erector spin® at the level of the fifth cervical and tenth 
thoracic vertebrae were examined. Sections of muscles were stained 
by Mallory’s phosphotungstic acid hrematoxylin and Heidenhain’s 
iron hematoxylin besides hematoxylin and eosin or van Gieson’s 
mixture. The most conspicuous abnormality was smallness of all 
skeletal muscles due to deficiency in the number of fibres in varying 
degree. The erector spin® was affected most severely, and in the 
section at the level of the tenth thoracic vertebra, its usual site was 
occupied by adipose tissue. On one side two fibrous septa in the 
adipose tissue extended from the region of the Bpinous process to the 
anterior extremity of the lamina and contained two or three muscle 
fibres. In a more lateral fibrous septum in the superficial part of the 
adipose tissue on each side there was a group of two or three dozen 
muscle fibres. This musculature alone represented the erector spinas 
in this section. In no section was it possible to show complete 
absence of a muscle. In transverse sections through the leg and 
arm not all muscles were identified, but in view of the minuteness 
of the erector spin® it is quite possible that muscles which appeared 
to be absent macroscopically might have been represented by a few 
fibres only. The muscles showed abnormally small and few bundles 
of fibres. There was a slight but definite increase of the collagenous 
fibres of the endomysium and perimysium. In no muscle was there 
infiltration with adipose tissue. The adipose tissue occupying the 
site of the erector spin® was probably formed between the individual 
components of the muscle, which can be regarded as separate muscles, 
and not within any one component . The most conspicuous abnormality 
in the fibres was a considerably increased variation in diameter 
(figs. 3 and 4). The diameter varied from 3 to 24 p compared with 
4-5 to 7-6 p in the control foetus. This was due chiefly to hypertrophy 
of many fibres, in part to abnormal smallness of others. The length 
of fibres was not estimated. Longitudinal sections showed that most 
fibres were abnormal. Abnormalities were of four types. Firstly, in 
places in some fibres the discs were jumbled up, with loss of regular 
relationship between the discs in any one fibrilla or between those in 
adjacent fibrilke. This occurred at the sites of acute kinking of 
fibres. In the control muscles, fibres in many places were slightly 
wavy, the waves having a relatively long wave length and a low 
amplitude. Similar waviness was present in the diseased muscles, 
but in addition kinks or sharp waves of short length were present 
in places. This jumbling was most probably produced after death 
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t’y rigor mortis or indirect injury, but it possibly indicates a lowered 
rigidity of the ground substance of the fibres. In longitudinal 
sections of muscles where fibres were cut across at the surface of 
the section, fibrillse were very commonly frayed and disarranged in 
the diseased muscles and much less frequently in the normal control 
muscles. In the second type of abnormality there was diminution 
or loss of staining of the A and Z discs in part or the whole of the 
segments of a few scattered fibres present in the section. The affected 
parts were hyaline and were stained various shades of orange to deep 
blue in Mallory’s phosphotungstic acid hsematoxylin. A few similar 
hyaline fibres were found in control muscles, so that the condition 
is probably not abnormal. The third and most important abnormality 
affected most fibres but was absent from most of the much hyper- 
trophied fibres. Whole segments or parts showed loss of A and Z 
discs in fibrillse which were slender, less parallel than normally 
and stained homogeneously by Mallory’s phosphotungstic acid 
hsematoxylin. The change was not accompanied by hyalinisation. 
It appeared as if the substance of A discs had spread throughout the 
fibrillse. Affected fibres stained very slightly or not at all with eosin. 
The fourth type of abnormality affected certain fibres showing 
abnormality of the third type. It consisted of granularity or vacuola- 
tion of the cytoplasm and a variable degree of diminution of fibrillar 
tissue which was absent in some affected fibres. Such fibres were 
usually very small and were seen scattered about in most fields. There 
was probably no absolute increase of muscle nuclei except in a few of 
the small fibres in which many nuclei were arranged in a chain along 
part of the fibre. The muscles were more cellular than those of the 
control foetus, due chiefly to a relative increase in the number o 
muscle nuclei, but partly to an increase of connective tissue ce • 
Some of the hypertrophied fibres had central as well as perip era 
nuclei. There was no definite increase of histiocytes, but one 
degenerated fibre was seen to be invaded by macrophages. 
muscular spindles appeared to be unaffected, but minor abnorma w* 
especially in the polar regions, could easily have been misse in 
sections. Certainly the equatorial regions were^ well preserve • ^ 
transverse sections the spindles were more readily identifie t ian 
control muscles. Nerve endings in the spindles and extra- sa 
were not stained by three different modifications of Bie sc o ^ 
method in either the diseased or the control muscles, pro a ^ 
to post-mortem changes. In transverse sections o mus ° 
abnormality of the structure of the fibres was much ess e { er 

than in longitudinal sections, but the increased varia ion leased 

of the fibres was very conspicuous. In both norma a ^ j n 
muscles phosphotungstic acid hsematoxylin ®* ame ... cou jj only 
transverse sections almost homogeneously and tne 

be distinguished with difficulty. glenoid fa 533 ’ 

The articular surfaces seen in an acetabulum s 
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on the head of a femur and tibia and in a complete median sagittal 
section of a knee appeared to be normal. In the knee the articular 
cavity was definitely smaller than in the control foetus, but a slight 
difference in the plane of the sections might have accounted 
for this. 

Bone was histologically normal in the upper and lower ends of a 
femur and upper end of a tibia, in coronal sections of the fifth cervical 
and tenth thoracic vertebrae and in median sagittal sections of the 
eleventh and twelfth thoracic and all lumbar and sacral vertebral. 
Three left ribs with costal cartilages, the upper five right ribs and a 
group of five left ribs in vertical sections of the chest wall showed 
abnormalities. The three left costal cartilages in the 2 or 3 mm. 
adjacent to the bone were thin and hypoplastic, especially at an 
isthmus about 1 mm. from the bone, where the cartilage was 0’5 mm. 
broad or less. At this isthmus the perichondrium contained a cleft 
which probably surrounded the cartilage, since it was present on 
both sides in all three cartilages : it was probably an adventitious 
bursa. Endochondral ossification was normal but the osteochondral 
line was abnormally short, due to hypoplasia of the cartilage and 
10-20 columns of hypertrophic cells only were present in sections 
across the hypertrophic zone. Endochondral bone in the ribs was 
replaced in those parts from 0*5 to 1-5 mm. beyond the cartilage by 
periosteal bone. All the ribs seen in transverse section consisted of 
thin pla tes of periosteal bone. These changes were probably secondary 
to the deformity of the chest due to the scoliosis. 

The pituitary, external ear and musculo-spiral nerve, and the 
spinal cord at the level of the fifth and seventh cervical and ninth 
thoracic vertebras were normal except for a definite reduction in 
number of ganglion cells in the anterior horns of the cord in the 
thoracic vertebral segment and reduction at least in average size of 
those in the seventh cervical segment. The sympathetic chain and a 
posterior root ganglion seen in sections at the level of the fifth cervical 
and tenth thoracic vertebrae were normal. No degeneration was seen 
in a few nerves of a brachial plexus in Marchi preparations. 


Discussion 

The interpretation of the histological changes in the voluntary 
musculature is difficult. The appearances suggest that the number 
of fibres in any muscle had always been deficient due to aplasia and 
that all or most of the fibres which had been formed became hyper- 
trophied. The affection of the voluntary musculature appeared to 
be universal but variable in severity. Some muscles appeared to be 
absent macroscopically, but in view of the representation of the erector 
spinte in a transverse section by a few fibres only, it cannot be assumed 
that any muscle was completely absent. The most marked structural 
change in the fibres was probably atrophic and affected most fibres. 
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The A and Z discs disappeared and the fibrillse stained throughout 
with phosphotungstic acid hsematoxylin. Since many of the affected 
fibres were larger than normal it is probable that the change began 
in fibres that were hypertrophied and possibly of previously normal 
structure. The fibres were probably shrinking in size. The atrophic 
change was complicated in some fibres by vacuolation and granularity 
of the cytoplasm and destruction of the fibrillse. This change appeared 
to be degenerative and was probably leading to destruction of some of 
the fibres. It was highly unlikely that the smallness of the muscles 
was due primarily to the atrophic or degenerative changes. 

References to the appearances of the muscles in the literature 
are few. Rocher at operations found the muscles pale and small 
and they retracted but little when cut. Magnus found no muscular 
tissue in the popliteal space in a subject of 15 years. Price in an 
infant of 5 months found small muscles, and the extensor carpi 
radialis brevis appeared macroscopically to be absent. Microscopies y 
there were zones of atrophied fibres containing chains of nuc ei an 
areas where muscle had been replaced by fibrous or adipose issue. 
Middleton (1934), in a biopsy from a child of 7, found the muse 
replaced by adipose tissue containing fibrous strands an ' 
of two muscle fibres. In a biopsy from a child o ® , 

consisted of adipose tissue surrounding a core of j 

an infant of 3 weeks a biopsy showed areas of norma ras 
by areas of adipose and connective tissue. He note a n 

muscular spindles were relatively easily demonstra • „ m 

therefore, that fibrosis and adiposity complicate oss o 
in amyoplasia congenita as in other muscular y strop nes. 

The fixation of the joints was probably for re mos P . ^ 
to lack of voluntary and passive movements a e PV nectcd to 
were being formed. This lack of movement wou attachments 

lead to deficiency in size of the articular surfaces, normally, 

of synovia and capsules nearer the centre of ® i° , niovable 

and these structures would probably be 8 0 r including the 

and elastic than normally. The periarticular 18 ’ & . -g tissue 

skin, would likewise be expected to he forme needed to alloff 

-without the extra amount of tissue whic wou nofc s p 0 ir any 

free movement at the joint. Sections in my c ^ s macro - 

definite abnormality in the size of the aT a anc [ elbow could 
scopically it was obvious that extension o i gpjn on tb® 

not have been possible without section o other. It I s 

one hand and anterior capsule of the el played a P art m 

that the slight fibrosis of the muscles in y . rigidities 
producing rigidities. Eocber believed i «* adit* 

due to such abnormalities of dls P° Blt, ‘ f ^ us( fe, 

attachments, but also in part to retrachon ot m ^ * 

aponeuroses. He found at operaton that^ ^ ^ , phsW 
extended because of tightness of P P 
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operation had to be performed. Price, in an infant of 5 months, 
found that the articular surface of the lower end of the humerus 
did not extend on to the front of the bone and that on the trochlea 
and capitellum was confined to the inferior surface. The upper part 
of the great sigmoid cavity of the ulna had cartilage replaced by 
fibrous tissue which formed a band attached to the olecranon fossa of 
the humerus just above the margin of the trochlea. Flexion of the 
joint could be performed only when this band was cut. A band of 
fibrous tissue, apparently the orbicular ligament, passing from the 
external condyle of the humerus to the lower border of the lesser 
sigmoid notch tightened on flexion and appeared to limit movement. 
In the wrist the interosseus ligament between the Bemilunar and 
cuneiform bones was attached to the articular surface of the radius. 
Magnus, in a resected knee of a subject of 15, found hyaline cartilage 
on the femur only where there was contact with the tibia ; the 
remainder had been replaced by connective tissue. This condition is 
likely to be metaplastic, due to prolonged disuse of articular cartilage, 
and would not of itself lead to rigidity unless there was union of the 
connective tissues of opposing surfaces. In a congenitally deformed 
dwarf, aged 18, with mongoloid face, great kyphoscoliosis and 
deformed ears, I found segments of the articular surface of a femoral 
head replaced by fibrous tissue, metaplasia of cartilage of a femoral 
condyle into denso fibrous tissue, fibrous tissue containing a few 
cartilage colls or typical fibrocartilage, and a Bimilar change in the 
articular cartilage of the upper end of a tibia. The change in the 
cartilage was probably secondary to prolonged immobilisation of 
joints but the disease was not amyoplasia congenita : possibly it was 
dysplasia epiphysealis multiplex. 

There is no definite evidence as to the nature of the abnormality 
which causes the original aplasia and tho atrophy and degeneration 
of fibres already formed. It is possibly an intrinsic genetic abnormality 
lying in the muscle cells and not dependent upon external influences. 
More likely it is an extrinsic abnormality, probably of the motor 
nerve ondings in the muscle. Voluntary muscle is not dependent 
for its formation upon the presence of nerves and it forms in exo- 
gastrulae in the complete absence of nerve tissue (Huxley and De Beer, 
1934), but in exogastrulte it does not contract or develop fully and 
soon degenerates. A deficiency or degeneration of motor end-plates 
during the early development of voluntary muscle might therefore 
be expected to lead to an initial deficiency in number of fibres. Fibres 
which had normal end-plates would undergo compensatory hyper- 
trophy, but if degeneration subsequently affected many of the plates 
atrophy and degeneration would follow. The muscular changes 
described in cats following section of ventral roots by Tower (1932) 
were not unlike those in my case. The extrafusal fibres showed faded 
cross striations, emphasised longitudinal fibrillac and reduction in 
size, followed by destruction by vesicular degeneration. These 
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changes appear to correspond to the atrophic and degenerative changes 
seen in my case. Tower found that section of the ventral roots caused 
atrophy and degeneration of the intrafusal fibres only in the polar 
regions, that section of the dorsal roots caused degeneration in the 
equatorial region of the spindles after some months, and that section 
of peripheral nerves led to degeneration throughout the spindles. If 
the muscular disease in my ease were due to a nervous abnormality, 
the. apparent normality of the spindles, at least in their equatorial 
regions, would indicate that the abnormality was motor only. 
Degeneration of the motor plates would be expected to lead to 
degeneration, atrophy or loss of ganglion cells in the anterior horns 
of the spinal cord, varying in degree with the extent and duration 
of destruction of end-plates. The finding in my case of a reduced 
number of anterior hom cells at the level of the ninth thoracic 
vertebra and at least a reduced average size at the level of the seventh 
cervical vertebra supports the supposition that there is degeneration 
of end-plates. Among reported cases, only that of Price contains 
a description of the spinal cord. There was shrinkage and degeneration 
of neurons but there were other changes, many or all of which might 
have been due to post-mortem injury or prolonged fixation. The 
failure to stain end-plates in my case cannot be regarded as significant, 
since similar failure, due probably to post-mortem changes, occurred 
also with muscles of the control foetus. 

It remains to discuss the relationship of the muscular dystrophy 
of amyoplasia congenita to that in the more common and better 
recognised condition, generally called progressive muscular dystrophy. 
Many types of this disease are known, but they fall into two groups, 
the first consisting of myatonia congenita and the Wer dnig -II offm ann 
disease, the second of the juvenile and pseudo-hypertrophic typ6s. . 

In the first group, dystrophy is present at birth or appears non £ 
the first year and is shown by weakness and flaccidity of the m 
muscles. The trunk, face and tongue may be affected hut e 
diaphragm is generally spared. In myatonia congenita the dystrop 
is congenital, familial incidence is usually absent, and the wea 
tends to remain stationary, lessen or disappear, althoug in 
cases some weakness persists. In the Werdnig-H offm ann ^ 

dystrophy is not congenital but appears in the first year, a _ ar ^ 
incidence is usually present and the weakness is progressive 
eventually leads to death, but periods of standstill or - w 
of weakness might occur. Contractures occur rarey, c ^ ^ 
myatonia congenita, but are not congenital. The two ' 
sharply defined and in some cases, such as those of a 
features of both types are present. As shown by ree , tv p C5 . 
Stern (1927) there are no pathological differences between 
Descriptions of the muscular changes differ, depending , g j s0 on 
stages of the disease at the time of observation, an pro V^ptions 
differences in description of similar appearances. From 
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of Councilman and Dunn (1911), Faber (1917), Holmes (1920), 
Greenfield and Stem (1927) and Lowey (1942), the chief changes are 
as follows. The muscles are abnormally small, soft, grey and trans- 
lucent, or like raw pork. Microscopically there are bundles of small 
fibres, bundles of large fibres or bundles of both small and large 
fibres. Small fibres might be grouped in areas which are well defined 
from those with large fibres. Hypertrophied fibres are described by 
some authors. The small fibres have been regarded as atrophied 
by some authors and as underdeveloped or embryonic by others. 
Small-fibred areas are abnormally cellular, duo to an increase of 
muscle nuclei which has been reported by some as only relative. 
Lewey described slender longitudinal fibrill® without cross striation 
in the small fibres and Councilman and Dnnn stated that the fibril!® 
were not so parallel as normally and the distance between the Z 
discs was increased but cross striation was preserved. J. B. Holmes 
(1920) described a curved, sinuous or spiral form of the fibres and 
fraying of their ends where cut across. Vacuolar degeneration of 
small fibres and fibrosis of bundles of small fibres have been described. 
Adipose replacement of fibres which have disappeared occurs in late 
stages of the disease. Changes in the nervous system are present in 
most cases and are described by Greenfield and Stem and others. 
In most there is atrophy, degeneration and reduction in number of 
ganglion cells in the anterior horns of the spinal cord, and in Borne 
cases similar changes in medullary nuclei or atrophy or demyelination 
of the anterior spinal roots or peripheral nerves have been found. 
Foot (1913) and Bielschowsky (1929) found an absence of motor 
nerve terminals in the small atrophic fibres but their presence in 
large fibres. Tuthill and Levy (1931) found no end-plates in the 
tongue, which was affected in their case, but sensory nerve endings 
were well stained. Faber referred to other reports of absence of 
motor nerve endings in the muscles. There are no other significant 
pathological changes. Hypertrophy of the thymus or abnormal 
Hassall’s corpuscles have been described in some cases mentioned by 
Councilman and Dunn and by Foot. From the available evidence there 
is nothing to indicate that the muscular dystrophies of amyoplasia 
congenita, myatonia congenita and the Werdnig-Hoffmann disease 
are not of similar cetiology and that the clinical and minor anatomical 
differences cannot be explained by differences in time, intensity and 
duration of application of a single retiological factor. Also there is 
nothing to indicate that the primary abnormality might not lie in 
the motor nerve endings. 

In the second group of muscular dystrophies — the juvenile and 
pseudohypertrophic forms — males aTe chiefly affected, the disease is 
often familial or hereditary and the onset occurs in childhood, 
adolescence or adult life. The hereditary transmission might be 
dominant, recessive or sex-linked. There is muscular weakness 
beginning symmetrically in different regions in different types of 
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cases, but eventually involving a large part or almost the whole of 
the voluntary musculature. Rarely, as described by Barnes (1932), 
weakness is preceded by hypertrophy and increased muscular power. 
The limbs, trunk and neck and the muscles of facial expression arc 
most commonly affected, but the ocular muscles, tongue and massefers 
are involved in some cases. The weakness is accompanied by atrophy 
of the muscles, but atrophy in some muscles in the pseudobypertrophic 
form, especially in the calves and buttocks, is preceded by enlargement. 
Contractures occur in some cases. In general, there is a progressive 
loss of muscle fibres associated with replacement by adipose tissue. 
In some muscles replacement is complete. In general the muscles are 
abnormally small, but in the pseudohypertrophic form a few are 
enlarged even although there is extensive or complete replacement 
of muscular by adipose tissue. Fibres persisting in affected muscles 
are hypertrophied, normal in size or atrophied. Some fibres show 
vacuolar degeneration or hyaline coagulation of the sarcoplasm. 
Phagocytosis of degenerated or hyaline fibres may be seen. Hyaline 
coagulation is probably not a specific change but is most likely to 
be due to excessive contractile activity. Atrophied, degenerated or 


hyaline fibres often show proliferated muscle nuclei. In hyper- 
trophied fibres central as well as peripheral nuclei are common. The 
neuro-museular spindles in some cases have been found relatively 
unaffected. Fibrosis is common in bundles of atrophic or degenerated 
fibres, but apparently, after loss of the fibres, the fibrous tissue is 
replaced by adipose tissue. Reduction in the number of ganglion 
cells in the anterior horns of the spinal cord, and perhaps also atrophy 
of anterior spinal roots and peripheral nerves, have been observe 
in a number of cases, as described by G. Holmes (1908). In t e 
available evidence there is nothing to indicate that the dystrophies in 
this second group are different in aetiology from those of the 
that in amyoplasia congenita ; many*- similarities suggest rat ier a 
the aetiology in each is essentially the same. It is likely a 
aetiology in each is dependent upon a genetic abnormality, 11 
manner of transmission in each is different. In amyoplasia cong 
there is no evidence of transmission of the factor ; in the * Jv. 
of dystrophies, comprising myatonia congenita i andte 
Hoffmann disease, transmission is shown by a high iam 
while in the second group hereditary transmission is common. 

The muscular disease in lambs described by Rober s ( " . pn 
resembles amyoplasia congenita, but in its hereditary * 


TU.C/AJ. WUWCW WUV V v>* — — - • t, * nf ceV-ilJlKtG' 

a homozygous condition of a recessive factor J v h ic 1S ® ,. 0 f 0 n 
There is hydramnios in the ewe shortly hfff° re ® , g s h 0 w 
affected lamb, which is almost always stillborn. atrophied 

multiple articular rigidities due to retraction o gr m0 ?ablc 
muscles. On removal of the muscles the joints ar 
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but their capsules are slightly more tense than normally. The 
muscles, according to Middleton (1932, 1934), are composed of un- 
differentiated and adipose connective tissue containing small muscle 
fibres, which he likened to myoblasts, and few normal fibres. Muscles 
in premature lambs obtained by hysterectomy showed active 
degeneration of muscle fibres without adipose tissue. In two of 
three dissected lambs, according to Roberts, the thymus was thought 
to be hypertrophied. 

Summary 

A case of amyoplasia congenita is described and the relationship 
between this muscular dystrophy and those of myatonia congenita, 
the Werdnig-Hoffmann disease and the juvenile and pseudohypertrophic 
forms is discussed. It is concluded that the evidence supports the 
view that the diseases have a common aetiology. 
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PRIMARY PULMONARY HYPERTENSION 

J. R. Gilmour and William Evans 

Prom the E.P.S. Morbid Anatomy Laboratory, St Andrew's Hospital, Billericay, 
and the Cardiac Department of the London Hospital 

(Plates CXXIX-CXXXVI) 

Pulmonary hypertension is of two types. It is r g£c ondar y when 
caused by c ertain cardiac and pulm o nary disorders, inclu ding diseases 
of the pulmonary arteries such as syphilitic arteritis, which are 
dependent upon certain extrinsic factors. It i s primary when thes e 
conditions ar e absent, and when vascular disease, if present, is no t 
cl early dependent upon any extrinsic factor. Brenner (1935), review- 
ing 16 cases of primary pulmonary hypertension, concluded that 
there was no constant lesion in the arterie s and that there were many 
problems in the disease which awaited solution. Experience in a 
recent case has enabled us to make a contribution to the pathology 
and pathogenesis of this condition. 

Clinical findings 

A woman of 44 years had experienced, for more than two years, great 
tiredness which prevented her from doing routine housework. She was also 
breathless, but a sense of fatigue was uppermost amongst her symptoms. Six 
months later her ankles and legs began to swell towards evening ; her face 
was puffy in the morning, and it became mauve in colour on the least exertion 
including stooping. She had experienced one attack of sharp gripping pain 
across the upper part of the chest which lasted for only two minutes and there 
was no recurrence. There was also breathlessness at night, necessitating the 
use of four pillows. She was troubled with a cough but she never voided 
sputum. There was deep cyanosis of the lips and cheeks, and slight of the 
fingers, which were not clubbed. The blood count showed slight polycythzemia ; 
the red cells numbered 5,900,000 per cmm., and the haemoglobin content was 
115 per cent. There was no breathlessness at rest when she was first examined. 
The pulse was very small, but normal in rate and rhythm. The blood pressure 
was 156/115 at six separate readings. The apex beat was quiet and displaced 
a little outwards. The heart sounds were clear and without murmurs and 
there was no triple rhythm on auscultation. The veins of the neck were distended 
and the venous column reached 2£ in. above the clavicle with the patient in the 
upright posture. Crepitations appeared at both lung bases. There was moderate 
distension of the liver and especially of its left lobe. There was no ascites. 
(Edema of the ankles disappeared at rest but some remained over the back. 
The urine always contained a small quantity of albumin ; the blood urea was 
normal. The electrocardiogram (fig. 1) showed prominent right heart pro- 
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ponderance, for the S wave was deep in lead I, and the T wave was inverted 
in leads H, III and CRj. On cardioscopy (fig. 2) there was great enlargement 
of the cardiac silhouette ; the enlargement involved the right auricle, the conus 
and body of the right ventricle and the pulmonary artery ; no enlargement 
of left auricle ; there was some congestion of the hilar vessels. 

During the last nine months she was admitted to three different hospitals 
because of these symptoms, which were controlled by rest, digitalis and mercurial 
diuretics ; repeated injections of Neptal produced satisfactory diuresis on each 
occasion, but even though she appeared to be improving during her third 
period of residence in hospital, she died suddenly. 

There had been some doubt about the clinical diagnosis. At the first hospital 
her condition was considered to be hypertensive heart failure ; at the second a 
diagnosis of pericardial disease was made, and on her third admission, although 
some pericardial effusion seemed to be present, the underlying enlargement of 
the right heart and of the pulmonary artery, together with the characteristic 
cardiographic changes, pointed to the diagnosis of pulmonary hypertension. 


Post-mortem findings 
M acroscopic appearances 

Pericardial effusion (1 oz.). A few petechia in visceral peri- 
cardium. Heart (12 oz.) ; moderate hypertrophy and dilatation of 
right ventricle, which was 0-7 cm. thick (fig. 3) ; no hypertrophy 
of left ventricle (fig. 4) ; dilatation of right auricle ; two small 
adherent ante-mortem thrombi in right auricular appendage, 
dilatation of tricuspid valve ring ; no enlargement of left auric e. 
Slight atheroma in aorta ; many small flecks of atheroma in pulmonary 
artery and its branches. (Edema and congestion of lungs ; calcareous 
nodule (0-15 cm., diameter) in left upper lobe. Calcareous no uo in 
two lymph glands under bifurcation of trachea. Severe re icu a 
chronic passive congestion of liver (54 oz.). Firm congested sp era. 
(Edema and slight congestion of kidneys. Many petechi® in mjec 
peritoneum. 

Microscopic appearances 

Numerous arteries up to 3-5 mm. in external diameter 
examined in nine portions of lung, two of which were cu 
section. Another portion of lung included the dista en o 
branch of the pulmonary artery. 


Medial changes 

Deficiency of growth. In a large number of ^ a y Jsc nC 

there were segments where the media was abnorma y man y as fen 
apparently from a developmental defect in gro • ^ nU mtef 

such segments were counted in some sections an e (jjstribu- 
throughout the lung was probably many thousan s. ^ E ourc? 
tion was uneven but could not be determine exac > { } icr p 

of the blocks of tissue was not sufficiently we recor 






















Plate CXXXH 


Pro. 11. — Medium-sized muscular artery. Medial hypoplasia and aplasia ; the former 
recognisable by approximation of lamella) top left (10 o’clock). Crescent of 
endarteritis fibrosa. Hart’s elastic and van Gieson. X 160. 


Fig. 12. — Medium-sized muscular artery. Tangential cutting below, making mMia 
appear abnormally thick. Segment of hypoplasia upper left. Endarteritis fibrou 
(right) containing a nowly formed capillary which communicatod with the original 
lumen at levels above and below that in the figure. "Marked proliferation of 
endothelium of original lumen. Verhoeff’s elastic and van Gieson. X 223. 


Fig. 13. — Small muscular artery at junction with medium-sized artery. Aplasia w 
’ ’ ' “ ’ * " ” " ” hypoplasia recognisable on Wt 

- - Canalised 


hypoplasia of whole of media of Email artery ; 
close to, and aplasia on right just below junction witli larger orrery, 
endarteritis fibrosa of small artery. Verhooff’s elastic and von Gieson 


Fig. 14. — Small muscular artery. Great stenosis of lumen by young granulation t mu. 
containing a few lymphocytes and new capillaries. Replacement of endot e 
of original lumen by layer of organising thrombus. Active medial degenera i 
to right, shown by oedema and irregularity of structures. Focal complete atop . 
of media at about 5 and 10 o’clock. Verhoeff’s elastic and van Gieson. X -- 
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was aplasia the media was absent and the adventitia and intima were 
separated by only a single elastic membrane which split into internal 
and external lamelte at the border of the affected area. Hypoplasia 
was shown by abnormal thinness of the media, which was of normal 
structure. Tho muscle cells in the hypoplastic parts were small. 
The aplasia was undoubtedly congenital. Hypoplasia might have 
been present at birth but post-foetal growth of subnormal extent 
had occurred in the hypoplastic media. 

The distal end of the right branch of the pulmonary artery showed 
a segment of hypoplasia the extent of which could not be determined, 
as the segment reached the edge of the section. The media was 60 p 
thick (fig. 5) compared witli 380 p in the non-hypoplastic part (fig. G), 
but the structure was normal except for increased compactness. 

In arteries within the lung, segments of aplasia were common at 
the junction of elastic and muscular arteries (fig. 7) or at the branch- 
ing of muscular arteries (fig. 8), and were less common in muscular 
arteries independent of branching (fig. 9). Segments of aplasia were 
usually small and seldom inoluded the whole circumference of a 
vessel. In most examples tho internal lamella was deflected outwards 
to fuse with the external lamella, and tho deflection was gradual, 
so that aplastic areas were bordered by zones of hypoplasia (fig. 7). 
In two vessels the segments were very short and both lamellae were 
sharply deflected towards each other (fig. 9). Segments of hypoplasia 
were tare in elastic arteries (fig. IQ) but common in muscular arteries 
(figs. 11 and 12) and unrelated to branching, but, at the site of 
branching, hypoplasia could be recognised only when bordering on 
areas of aplasia. The whole of the media of Borne of the smallest 
muscular arteries appeared to be aplastic or hypoplastic (figs. 8 and 13). 
These vessels could be identified as arteries by the offset of arterioles 
from them and by the size of tho arteries from which they took origin. 

Atrophy. In many small and medium-sized muscular arteries, 
thinning of the media appeared to be due to loss or reduction of 
muscle fibres. The criteria for determining whether thinness of a media 
was due to deficiency of growth or atrophy, however, were not clear. 
Indeed, much medial thinning was seen in small muscular arteries 
which we did not classify as either atrophic or hypoplastic since, 
although the preservation of a normal structure suggested hypoplasia, 
dropping out of a few muscle fibres might have been the cause. 
Complete atrophy was shown by apposition without fusion of the 
internal and external lamella:. In partial atrophy the lamellae were 
separated by a thin layer of hyaline collagen only, or by a less 
fibrotic media containing irregularly arranged muscle fibres in 
'reduced number. Atrophy was usually focal and accounted for the 
variation in medial thickness in figs. 14-16 ; in a few small muscular 
arteries it involved the whole circumference of tho vessel. 

Rupture. In one elastic artery the media was interrupted by a 
gap, 120 p wide, occupied by collagen (fig. 17). The appearances 
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suggested a healed rupture. Small ruptures of the internal clastic 
lamella were seen in a few muscular or elastic arteries in any section, 
but in most vessels the lamella was intact. A few elastic or large 
muscular arteries showed small healed ruptures involving the internal 
lamella and a part of the subjacent media, which was replaced by 
collagen and small spindle cells (fig. 18). A recent rupture was seen 
in a large muscular artery. A segment 80 p long of the media was 
replaced by a patch of reticulated fibrin which contained a few 
lymphocytes and proliferated fibroblasts and which extended into 
the adventitia. 

Degeneration. In several muscular arteries the media showed 
vacuolation of muscle cells, apparent loss of some cells, and irregular 
arrangement of the remainder due to intercellular oedema (figs. 8, 14 
and 19). The vacuolation was probably due to fatty degeneration, 
but this could not be proved, as tissue had not been reserved for the 
preparation of frozen sections. In a small elastic artery there was 
a patch of medial atheroma subjacent to intimal atheroma and 
shown by a patch of collagen containing necrosed lipoid phagocytes 
beneath the internal lamella. , 

Hypertrophy. Increased thickness of the media was apparent in 
many muscular (fig. 20) and elastic arteries. A media of 260 p thick 
in a small elastic artery of 1-6 mm. external diameter, and a media 
of 48 p thick in a muscular artery of 280 p diameter, are examples 
of hypertrophy. The muscle cells were hypertrophied and well 
separated from each other by an increased amount of fluid groun 
substance. Only in small foci in a few vessels was there evidence o 
hyperplasia of muscle fibres. It was seen chiefly as groups of ema 
longitudinal fibres under the internal or external lamella and usua 7 
separated from the remainder of the media by an elastic layer con 
tinuous with the lamella. 


Intimal changes 

Hypertrophy. Intimal thickening which could be interpreted^ 
purely hypertrophic was seen in a few elastic and in severs g 

arteries, but it was always slight. It was generally foca , ^ 
few smaller muscular arteries it involved the whole circum ^ 
In the elastic arteries this intima consisted of collagen n ""f^nroblasfe. 
very delicate elastic fibres, and a few muscle cells an wa _ 

Duplication of the elastic lamella was slight or absent an 
no definite elastic stripe or longitudinal and circular a 3 < j r ® . 

In one vessel there was a crescent of intimal hype r °P , 
muscle cells and fine elastic fibres were numerous (ng. a( ijacent 
was sharply defined from the atheromatous thickening 0 . veS 

and overlying intima. In muscular arteries defim coVa^en and 
observed as a thickening which consisted of de ca e ^tbout 
elastic fibres enclosing relatively numerous musce 
formation of layers. 







Fio 21 — Small elastic artery Area of mtima! 
hypertrophy on left and separated from o\er 
iymg and adjacent atheromatous mtima bj 
elastic layer Verhoeff’s clastic and \an 
Oieson x 105 


Fig 22 — Small elastic artery 
Atheromatous endarteritis 
Small patch of acellular 
collagen near origin of mua. 
cular branch {lower right) 
VerboofTa elastic and \an 
6 







PRIMARY PULMONARY HYPERTENSION 


091 


Atheromatous endarteritis. Tho intima was thickened in all elastic 
arteries and varied from 40 to 680 ft thick. In only a few places 
was there evidence of hypertrophy. Elsewhere the thickening was 
atheromatous and consisted of collagenous tissue, fibroblasts, lipoid 
phagocytes and lymphocytes (figs. 6, 10, 21 and 22). In most but not 
in all places there were many and extremely delicate elastic fibres, 
and in a few places a few muscle colls were present. The phagocytes 
were scattered singly or in small groups and many were neorosed. 
In the debris of some of tho necrosed cells minute crystal clefts could 
be seen. There were minute spaces from which phagocytes had 
disappeared. Such spaces were common in patches of acellular 
collagen up to 500x125 ft (fig. 22). There were no areas of necrosis 
similar to those in atheroma in systemio arteries, where digested 
extracellular tissue is included in the mass. Autolysis had involved 
necrosed cells only. Atheroma was seen in only two of the muscular 
arteries and in these the greatly thickened intima was composed 
almost entirely of lipoid phagocytes. 

Hypertensive endarteritis. In two small muscular arteries the 
endothelium had disappeared and the lumen was occupied by a 
homogeneous and almost clear coagulum containing a few lymphocytes 
and small spindle cells (fig. 23). Proximally the lumen was stenosed 
by fibrotic tissue and distally it was occluded by almost acellular 
collagen, which was oedematous, especially at the centre of the vessel. 
In several other small muscular arteries the lumen was stenosed by 
very oedematous tissue consisting of collagen fibres and few fibroblasts. 
In these vessels transition was seen between this oedematous tissue 
and densely fibrotic tissue in adjacent parts. Numerous muscular 
arteries, especially the small ones (figs. 8, 11 and 12), and a few 
arterioles (fig. 24), showed focal or concentric fibrotic intimal 
thickening. Delicate elastic fibres or a few muscle fibres were present 
in some of these intimas, but they had obviously appeared secondarily 
and did not indicate that hypertrophy had preceded the fibrosis. 
Many small muscular arteries were occluded by a dense collagenous 
mass lying internal to the internal elastic lamella (figs. 15 and 16). 
In most masses there were few fibroblasts and in some masses there 
were a few lymphocytes, muscle cells, elastic fibres or soot granules. 
Tho elastic lameiho were often crenated from contraction of the 
vessel. A few of the occluded vessels which were infiltrated with 
lymphocytes appeared to be disintegrating. The sequence of events 
in this endarteritis appeared to be an infiltration of the intima with 
a fluid which became organised, and subsequently densely collagenous. 
The amount of this fluid probably varied greatly and it was great 
enough in a few vessels to obliterate the lumen. It is possible that 
some of the endarteritis fibrosa began as a proliferation of fibroblasts 
■without infiltration with fluid. 

In a few muscular arteries active endarteritis had a different 
appearance. The lumen was greatly stenosed by a thickened intima 
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consisting of young oedematous granulation tissue containing plump 
proliferating fibroblasts, a few lymphocytes, and canalising or canalised 
groups of proliferated endothelial cells which had grown down from 
the endothelium of the vessel (fig. 14). In very oedematous parts 
there was a little fibrin in homogeneous or reticulated patches. In 
two of these vessels the surface endothelium had disappeared in part 
and was replaced by a thin zone of organising fibrinous clot. 

Several fibrotie intimas in small muscular arteries contained one 
or more well-formed capillary spaces with or without a surrounding 
layer of a few concentrically placed fibroblasts and collagen fibres 
(figs. 12 and 13). In some vessels the canalisation was great in 
proportion to the amount of collagenous tissue. Rarety did a newly 
formed capillary pass through the media to join a neighbouring 
capillary. In general, capillaries in fibrotie intimas opened into the 
original lumen below as well as above an obstruction or obliteration 
due to endarteritis fibrosa ; when the original lumen was replaced 
by several canals, as in fig. 13, these opened into separate arterioles. 

Endothelial proliferation. Endothelial proliferation, apart from 
that described in association with endarteritis, was common, and 
conspicuous in some vessels. It most frequently affected arterioles 
dilated up to 475 p, diameter (figs. 25 and 26). Some of these vessels 
were almost filled with proliferated endothelial cells, which forme 
papillary masses projecting into the original lumen or lined new j 
formed capillary spaces. In one arteriole (fig. 25) solid masses o 
endothelial cells in two places penetrated the wall and one ® ‘ 
became continuous with the walls of adjacent and dilated capi 
Capillaries arising from these arterioles were dilated up 
diameter (fig. 26). Endothelial proliferation was seen 111 ... 

capillaries (fig. 27) and especially in those arising rom ® 
affected arterioles ; rarely it affected small muscular artenes 

In several arterioles with proliferated endothelium, sma ^ 

masses or diffuse patches of eosinophil homogeneous ma ^ 

seen amongst, or closely invested by, endothelial ce s, ® P j. um 
as polypi into the lumen, covered or uncovere J ® hvaliae 
While the appearances suggested that the ma n .® , jj OS pfio- 

thrombus invaded or overgrown by endothelium, a p rom fi# 
tungstic acid hsematoxylin showed that fibrin was a se ^ 
masses or was present as streaks or patches fmmmg ^ corrl parahle 
of the whole. It did not stain by Gram’s metho • hypertension- 
with the hyalin which is seen in afferent renal art ^ n0ie3 ^ b j ue . s tainin£ 
where Mallory’s stain often reveals small pa es ^ capillary 
fibrin-like material. Indeed, the hyaline ma t j l8 t in an 

affected by endothelial proliferation was con muo ^ntion 
arteriole which was identical in appearance an ^ 0 ther similarly 


that in systemic arterioles in hypertension, 
affected arteriole was seen. 
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Fro. 23. — Small muscular 
artery. Loss of endo- 
thelium and replacement 
of lumen by almost clear 
fluid containing a few 
lymphocytes and fibro- 
blasts. Organisation of 
fluid leading to endar- 
teritis fibrosa stenosing 
lumen on right. 
Verhooff’s elastic and 
van Gieson. X 285. 
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Fia. 20 — Two dilatod 
nr t orioles, ofio at 10 and 
another nt 4 o’clock, 
separated by alveolar 
passage. Canalised pro- 
liferated endothelium m 
lower arteriole Dilated 
capillaries projecting into 
alveolar passage. Hart’s 
elastic and van Gieson. 
X 86. 


Fio. 27. — Canalised proliferated endo« 
tlielium in dilated capillaries arising 
from arteriole m fig 24 Hart’s 
olastic, Weigort’s hiematoxylin and 
van Gieson. X 240. 




Fia. 28 — Medium sized 
muscular artery. Seg- 
ment of medial aplasia 
extending from A to 
B Great endarteritis 
fibrosa. Capillary 
vessel passing through 
aplastic Mall causing 
anastomosis betu een 
artery and neighbour- 
ing dilated capillary. 
Branch of capillary 
ljmg upon elastic of 
aplastic media close to 
arrow nt B. Hart’s 
elastic, Weigert’s 
hfcmatoxjlm and van 
Gieson. X 1 10. 
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Other changes 

The course of an unusual vessel shown in fig. 28 was impossible to 
trace, as the block was not cut in series. It was a medium-sized 
artery cut longitudinally and stenosed considerably by endarteritis 
fibrosa. There was a long segment of medial aplasia extending from 
A to B in the figure. A wide capillary vessel extended from the 
arterial lumen through the aplastic arterial wall to join a neighbouring 
dilated capillary, a branch of which abutted directly upon the elastic 
membrane representing the aplastic media. This anastomosis was 
probably produced to relieve obstruction due to endarteritis and 
therefore resembled the anastomoses between arteries and neighbouring 
capillaries described earlier. 

A bronchiole was greatly stenosed by a laminated crescent of 
collagen fibres and fibroblasts lying between the epithelium and the 
muscle, and its deeper part contained a few capillaries. The crescent 
probably resulted from organisation of fibrinous exudate in the 
lumen, Nearby in the same section there was a miliary fibrous nodule 
containing fibroblasts and the collapsed crenated elastic framework 
of alveoli. The nodule had resulted from organisation of pneumonic 
exudate. A few bronchi showed slight chronic inflammatory changes 
and slight hyaline thickening of the basement membrane of the 
surface epithelium. There were small patches of collapse and slight 
emphysematous dilatation of many scattered alveoli. In scattered 
small patches the alveoli were filled with coagulated mdema fluid. 
The lung tissue generally was slightly congested, and greatly around 
arterioles showing dilatation or endothelial proliferation distal to the 
stenosed or occluded arteries. Considerably dilated capillaries were 
seen projecting as polypi into the air passages (figs. 16 and 26). 


Relationship of the changes 

By far the greatest atheromatous endarteritis in elastic arteries 
was associated with medial hypoplasia (figs. 5 and 10). At the 
junction of elastic and muscular arteries, or in muscular arteries, 
medial aplasia or hypoplasia was associated with either no other 
abnormality (fig. 9) or slight hypertrophy of the intima (fig. 7), or 
hypertensive endarteritis (figs. 8, 11, 13 and 28). Almost all the 
small muscular arteries with medial deficiency showed endarteritis. 
In vessels with medial degeneration or atrophy there was almost 
always endarteritis in on early or fibrotic stage (figs. 8, 14, 15, 16 and 
19). Atrophy appeared to be the late result of degeneration. The 
association of hypertensivo endarteritis with either medial deficiency 
or medial degeneration or atrophy suggested that degeneration tended 
to affect the hypoplastic media particularly. This was possibly true 
and the combination of degeneration and hypoplasia was seen in a 
few vessels although its recognition was very difficult, and degeneration 
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was clearly recognisable only in media of normal thickness. Medial 
ruptures did not show any consistent associated change, but the 
single recent rupture affected a focally hypoplastic degenerated media 
with overlying active endarteritis. Intimal or medial hypertrophy 
showed no constant or significant associated change. Atheromatous 
endarteritis did not appear to have started in the hypertrophied 
intima. Fine elastic fibres in most places and a few muscle fibres 
in some places were probably late in appearance and were not an 
indication of pre-existing hypertrophy. Endothelial proliferation 
formed new vessels relieving obstruction caused by endarteritis ; it 
occurred in the thickened intima itself or in the arterioles or capillaries 
distal to the obstruction. In the thickened intima the new vessels 
passed through the wall of the artery to form a collateral circulation, 
or caused a communication of the lumen above the obstruction with 
that below, or a communication of the lumen of a stenosed artery 
with an obstructed branch. 


Discussion 

[ In. the literature the cause of pulmonary hypertension has usually 
been ascribed to either thrombosis, atheroma or endarteritis. In our 
case the last two changes were very marked in the lungs. Before 
discussing the significance of these changes in the pulmonary vessels 
we give our conception of the nature of similar changes in systemic 
arteries. We regard atheroma as an infiltration by lipoid substances 
of the extracellular fluids of certain tissues due to a defect in 
metabolism inherent in man. The hypercholesterolmmic form . o 
primary essential xanthomatosis (Thannhauser, 1940) is possi J 
an accentuated form of this defect. Most of the lipoid consists o 
cholesterol esters and much is taken up by phagocytes. I yec ^ sl * 
commonly supervenes and is of the coagulative kind, often procec eg 
to such a degree that the tissue becomes a homogeneous struc ore a 
mass of protein, after which the process subsides or ceases. The nec ®- 
is a type which can be called atheromatous, since it is c mrac cri 
by the presence of free cholesterol crystals and much fatty su s > 
largely soaps, in the protein. Free fatty acids, particular y o ei j 
liberated by splitting of cholesterol esters, are the pro a e ca - ^ 
the necrosis. The free cholesterol crystallises out an I t le a ^ 
are largely saponified. Inflammation occurs aroun 
tissue and is seen as infiltration with lymphocytes an ^ wc jj f 
and proliferation of fibroblasts and sometimes of capi an 
Later the necrosed tissue often becomes enclosed in m " n( j 

Atheroma affects the dense fibrous tissue of the sep u® ‘ fjbw-z 
valve rings and cusps of the heart in addition to t ie e i ^ cf j p£ 
of the cusps or intimal hypertrophy (Turnbul , eWdcnce 

increases the susceptibility to atheroma and ere i ^ ar icrfeJ, 
that strain independent of these changes also increases 
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atheroma begins in tho intima but necrosis in Borne eases also affects 
the subjacent media. Either there is necrosis and dropping out of 
muscle fibres followed by atrophy of the media, or, less commonly, 
lipoid infiltration extends into tho media where it is followed by 
atheromatous necrosis. Medial necrosis is important, since t he 
" ’ ' ' ' ids to ca u se intimal hypertrop hy. 

[position to a theroma. Hypertensive - 
•ies, chiefly renal, in a proportion of 
cases of severe hypertension. The first change is probably the 
appearance of fluid in the intima, causing a variable degree of thicken- 
ing. In some examples the fluid is mucoid, in others it contains 
lipoid particles or cholesterol-ester phagocytes. Occasionally the 
fluid is absorbed, leaving an intima distended by lipoid phagocytes, 
but usually there is a proliferation of fibroblasts and the formation 
of collagen and later denso fibrosis. In the early stages of this 
organisation a fen’ lipoid phagocytes and lymphocytes may be 
present. Fatty degeneration of the medial muscle fibres is often 
seen in tho early, and medial atrophy in the later stages. The cause 
of this change is not apparent but it is related to hypertension and 
is possibly secondary to medial injury. The early stago must not be 
confused with tho very common post-mortem entry of plasma into 
the intima of small arteries, which is related, not to hypertension, 
but possibly to vascular rigor mortis. Muscle and elastic fibres can 
appear secondarily in an intima which shows endarteritis fibrosa. 
This must not be confused with fibrotic intimal hypertrophy, although 
tho function of the fibres and the stimulus which produces them 
may bo tho same as in a primary hypertrophy. Hypertrophy is 
an increase in the size of a tissue due to an increase in the size or 
number of its cells and of the extracellular structures which are 
normally formed by its cells. While endarteritis fibrosa is strictly a 
hypertrophy, since there is no evidence that its fibroblasts are not 
intimal in origin, we restrict the term hypertrophy to an increase 
in size to strengthen the vessel wall. Turnbull defined intimal 
hypertrophy as an increase in the magnitude of the intima with a 
structure similar to that in the normal aorta. We prefer to call this 
typical hypertrophy and to regard as atypical hypertrophy, thickened 
intima composed chiefly of muscle (Giimour, 1941), or of muscle, 
collagen and elastic, without the specific organisation seen in the 
normal aortic intima, Intimal hypertrophy in pulmonary arteries 
is rarely typical. 

In the pulmonary arteries in our case the appearance of these 
changes was slightly different from those seen in systemic vessels. 
Although atheroma was extensive, atheromatous necrosis was absent. 
Necrosis affected individual lipoid phagocytes, but there was never 
autolysis of oxtraeellular tissue, and the collagenous framework 
persisted unaltered in the region of necrosed cells. There was, 
however, the formation of much fibrotic granulation tissue, and a 
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slight lymphocytic infiltration which we have called atheromatous 
endarteritis . We had no sections available to stain the fluicf in~the 
early stage of hypertensive endarteritis for fat and mucus, but the 
appearance in haematoxylin and eosin sections did not suggest mucus, 
and lipoid phagocytes were absent. In its association with medial 
degeneration and its organisation to produce endarteritis fibrosa it 
was similar to that described in systemic arteries. 

Histological examination made it clear that the pulmonar y hyper- 
tension was due to stenosis or blockage of muscular arteries b y 
endarteritis fibrosa. Stenosis of elastic arteries by atheromatous 
endarteritis probably accentuated the hypertension, but it was not 
its immediate cause. The atheroma, we think, was the result of 
strain upon the arteries due to hypertension. Although hypoplastic 
segments might have been strained when the pressure was normal, 
leading to atheroma at these sites before the onset of hypertension, 
we do not think this atheroma could have been extensive enough to 
have been the cause of the hypertension. Probably the disease began 
as hypertensive endarteritis in muscular arteries at sites of aplasia 
or hypoplasia before the onset of persistent hypertension. The 
presence of a relative hypertension at such sites when the blood 
pressure was actually normal can be presumed, but transient hyper- 
tension might well occur, during coughing for example, and cause 
endarteritis. Once this endarteritis was extensive enough to pro ucc 
permanent hypertension a vicious circle would be set up, since t 
strain would cause atheroma in elastic arteries and endarteritis^ 
muscular arteries over normal-sized media, hut more severe) oV 
aplastic or hypoplastic media. These changes would accen ua e 
hypertension so that the disease would become progressive. ® ' 

the immediate cause of the hypertension was endarteritis white v 0 
because of the presence of very numerous medial deficiencies. ^ 

or other cause of transient pulmonary hypertension might naTC 
the condition on its course, but since it is not sufficien y MO f 
by itself to merit the term disease, the hypertension is reg 

the primary type. . e geV eral 

We have seen medial deficiency in pulmonary ar n ^ 
lungs in cases of secondary pulmonary hypertension as we - c? 

without pulmonary hypertension. We thiuk .«>£. 
are common, and probably constant, and tna , . , ce 0 f both 

play a very important part in determining t e x a m i n at i o n of 

primary and secondary pulmonary hyper tension. ■ ^ cssc nlid 

other cases will decide whether the medial de ec s 


cause of primary hypertension. 


undoubted!? 


The changes in the lungs in different j n 0 case of 


variable but this need not exclude a common . ® ^ duration 

severe primary pulmonary hypertension of at eas , nonna i!fics 

we found very few medial deficiencies and e ] argc 

atheroma, rupture and thrombosis in smal e 
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arteries The number of the smaller muscular arteries appeared to be 
considerably reduced In this case endarteritis and medial deficiencies 
might have been present early in the disease in smaller muscular 
arteries, causing subsequent absorption of these vessels by the 
obliterative process seen in figs 15 and 16 In the case described in 
this paper the duration of the disease was about two years and one 
would expect, therefore, to see early changes m the vessels 


Summary 

Primary pulmonary hypertension in a case which is described 
was due to stenosis or blockmg of muscular pulmonary arteries by 
endarteritis fibrosa The endarteritis resembled that found in the 
systemic arteries in systemic hypertension and was also probably 
secondary to hypertension Foci of medial aplasia or hypoplasia in 
the arteries numbered many thousands We believe that endarteritis 
occurred over some of these deficiencies during attacks of mild 
transient hypertension, such as might have been produced by cough 
ing , subsequently the resulting stenosis or occlusion led to persistent 
hypertension The presence of this development deficiency in the 
media of innumerable small pulmonary arteries throughout the lungs 
is therefore regarded as an essential factor m the genesis of the 
endarteritis and responsible for initiating the vicious circle which 
resulted in the progressive functional and structure disorder descnbed 
in the present case 

We wish to thank Mr John King of the Institute of Pathology, London 
Hospital, for taking the microphotographs 
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SALIVARY ADENOMA AND ADENOLYMPHOMA 

0. C. Lloyd 

From the Department of Pathology, the Raddiffe Infirmary, Oxford, 
and the Central Pathological Laboratory, Sector 9 

(Plates CXXXVH-CXLI) 

The adenolymphoma is one of the less common benign salivary-gland 
tumours and in this paper there is an account of a variety in which 
there is a considerable preponderance of the lymphoid tissue with 
the adenomatous elements relatively inconspicuous ; there is also a 
discussion of the much less frequent solid adenoma and its possible 
relationship to the adenolymphoma. 

Adenolymphomata usually appear in the 5th, 6th or 7th decade 
and there is a male to female preponderance of five to one. They 
grow slowly, the duration of symptoms varying from a few mouths 
to thirty years. They are rounded, smooth or tabulated and measure 
from 1 to 4 cm. in diameter. They are usually fluctuant but may be 
hard, are attached to deeper structures but not to the skin, are 
encapsulated but not necessarily completely, and occur most frequently 
in the parotid gland, though occasionally in the submaxillary gland. 
Typically the tumour is a tubular or papillary columnar-cell adenoma 
with a greater or lesser degree of cyst formation ; the stroma is 
usually lymphoid but this characteristic may only be apparent in 
small areas. However the histological type varies considerably, as 
has been pointed out by Carmichael, Davie and Stewart (1935), who 
reviewed 34 cases including eight of their own. Thus the epithelial 
layer may be many cells thick (for example see fig. 20), or may show 
squamous metaplasia either throughout the tumour or mixed with 
tubular elements. The lymphoid tissue may be abundant, with many 
large germinal centres, or may be represented only by rare lymphocytic 
aggregates. Occasionally the tubular or papillary arrangement may 
be irregular and mitoses may be numerous but carcinomatous change 
is rare, only two cases having been reported. Sarcomatous change in 
the stroma does not yet seem to have been reported. 

In 1942 Plaut tabulated 48 cases reported in the literature, with full 
references, and added 16 cases, bringing the total of reported cases up to 64. 
After describing liis cases, I’lnut mentions three others which, though clinically 
similar, differ somewhat m their histology from the usual types of cystic 
j pirn mcr — vol mn ew 
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adenolymphoma. “ Like the usual form of adenolymplioma they' contain a 
matrix of lymphoid tissue. In areas, this consists of diffuso lymphocytic in- 
filtration. Elsewhere, there are aggregates resembling germinal centers. In 
the center of the latter are groups of large cells which resemble epithelioid 
cells rather than young lymphocytes. Here and there are many small cysts 
lined with low cylindrical cells with vesicular nuclei. Between tho bases of 
these are small cuboidal cells, irregularly spaced. The cysts contain a palo 
pink, homogeneous material, cellular debris, and occasionally cholesterol 
crystals. In addition to the small cysts, and scattered in the lymphoid matrix, 
are other epithelial cells, singly and in strands. In places the tumor is separated 
from the parotid gland by a thin, fibrous capsule. Elsewhere, thero is no 
capsule and the tumor infiltrates the glandular parenchyma ”. 

Fein (1940) describes a similar parotid tumour but calls it a lympho. 
epithelioma, though it shows no evidence of being carcinomatous. 


In the present paper there is an account of seven cases of a solid 
variety of adenolymphoma resembling the three described by Plaut 
and that of Fein ; they were collected at the Radcliffe Infirmary, 
Oxford, between 1939 and 1945, for the most part through the 
agency of the Oxford lymph-node registry. Six of them were 
benign, while one showed sarcomatous change of the stroma. A 
brief clinical note and a detailed histological description of each 
tumour is given, but in general it may he said that they formed 
circumscribed firm masses of moderate size situated in a salivary 
gland and were readily excised from the surrounding glandular tissue. 
Histological examination showed that several of them vero poor) 
encapsulated and consisted of a lymphoid stroma in which were lying 
widely separated epithelial elements ranging from solid acini of poor y 
differentiated epithelial cells to tubules and cysts lined by co umnar 
epithelium ; it was not uncommon to find some lymphoid pro i era io 
in the interstitium of the glandular tissue outside the capsu e o 
tumour. 


Case reports 

Case 1. F. 02 (figs. 1 to 5). A small tumour in the right parotid regknva 
locally excised in 1939. It recurred and was again remove in ,, 
in 1941, after which a course of deep X-ray therapy was p rom the 

been no further recurrence. Material was available for 1 1 IP 

first and second biopsies. They resemble one anot ler “ s p] e mroing' B 
stroma consists chiefly of lymphoid tissue with largo i ® ^ jj )0 lymphoid 
centres and quite inconspicuous sinuses. Scattered t iroug ! rpj l0 tumour 
tissue are epithelial acini and tubules of salivary glaa c era , ^ nn j there 
is bounded by a thin capsule of fibrous tissue, but this is lr * , . j n this 

is lymphoid infiltration of the salivary glandular tissue . wperpta 5 *®* 

surrounding tissue the salivary acini and tubules show evi 3 an d 1 ) 

Within the tumour some of the acini show squamous me up the visual 

and some of the tubules are a little dilated but are s i in 0 j unin ar but not 
double layer of epithelial cells, of which the super cm 0 f this basal I»f cr 
ciliated, the basal cubical, while others show mul ip i«> nQ (Jilnto d tubul« 
and have become as many as five cells thick. second biops>'> h:1 

or cysts in the substance of the tumour remove a n double 1*7^ 

that first removed shows a number of cysts, some an - h wn u of one r 
of epithelium, sometimes by a multicellular layer. Part ol 










io 7 — Case 3. Solid acini of squnmoid 
epithelial cells set in a lymplio-histiocytic 
stroma x 135. 


v.-'-fK ■■ 
n .v ■ 

v * - . 




Fio. 8. — Case 4. Ill defined tubules set in ft 
stroma which show’s ft lympho lnstiocj tic 
medullary proliferation, x 135. 
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the latter is shown in fig 1 In this biopsy, too, part of the stroma is fibrotic 
and Bhows early myxoid degeneration, particularly in relation to the tubular 
and cystic structures 

In the second biopsy can be seen all grades of metaplasia from typical tubules, 
solid acini of epithelial cells (m a low power view rather resembling Flemming's 
centres) to squamous acini Fig 5 shows the transition between the first two, 
while figs 1 and 2 show low and high power views of the solid acini None of 
the epithelial acmi Bhow evidence of an invasive tendency , they are bounded 
by a well defined basement membrane , they do not look malignant and in 
no way resemble a lympho epithelioma A typical secondary lympho epithelioma 
of a cervical lymph node is illustrated m figs 15 and 10 for comparison The 
irregularity of its epithelial cell components, absence of basement membrane 
and invasive tendencies are evident 

Case 2 F 67 {fig 6) For years there had been a swelling m tho right 
parotid region but this had recently increased rapidly in size There were no 
enlarged lymph nodes and a blood count was normal The tumour after 
removal weighed 70 g It was poorly capsulatod It was of even consistence 
and there were a few yellow flecks on its streaked and mottled cut surfaces 

Tho histology is similar to that of the first case Both tubular and solid 
acinar elements are present and these are set in a lymphoid stroma (fig 6) 
The epithelial cells composing tho solid acini have not differentiated mto cell 
nests or keratin At the margins of the tumour there is little capsule formation 
and there is some lymphoid hyperplasia in the interstitial tissue of the sur 
rounding parotid glandular tissue, as in tho first case The stroma does not 
appear to be malignant 

Case 3 M 29 {fig 7) There had been a history of a swelling in tho parotid 
region for ten years The tumour was excised and only embedded tissue was 
received for histological examination 

This tumour resembles the first two, particularly with regard to the epithelial 
elements There is a tendency for it to be divided mto lobules of lymphoid 
tissue, but these do not appear to be divided from one another by fibrous septa 
or to be bounded by epithelium , there is no cyst formation The lymphoid 
tissue contains the normal anatomical components of a lymph node but the 
follicles are not very large or numerous In the medulla, however, there is 
hyperplasia of reticulum cells and histiocytes 

Scattered throughout the tumour are branching tubules and small solid 
acmi (fig 7) The tubules resemble those of parotid ducts and are surrounded 
by a thin zone of hyaline fibrous tissue The solid acini are similar to those m 
tho first two cases, but there is nowhere such well marked squamous differentia 
tion as m case 1 , though they have a well defined basement membrane, they 
lack an investment of fibrous tissue 

The tumour had been damaged by surgical removal so that it is difficult 
to make out its relationship to the surrounding parotid glandular tissue, but 
there seems to be a fairly dense zone of fibrous connective tissue between the 
tumour and the parotid gland 

Case 4 T 49 (fig 8) For 8 months there had been a swelling near the 
right angle of the mandible This seemed to have appeared after tooth extrac 
tion, but an X ray showed no change m the bone and so the swelling was 
removed There was also a swelling just below the angle of the left jaw, which 
was considered to be an enlarged lymph node No other lymph nodes were 
enlarged and the spleen was not felt A blood count only showed a moderate 
secondary an'emia 

The epithelial elements in this tumour are not very well defined but quite 
often show tubule formation (fig 8) In other places they form little masses of 
epithelial colls The stroma, as m the last case, shows a lympho histiocytic 
medullary proliferation, which is plainly shown in the illustration 
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Case 5. F. 31 (Jigs . 9 and 10). For two years there had been a left pre- 
auricular swelling. This enlarged rather rapidly at first. It was situated in the 
substance of the parotid gland near the surfaco. It was excised in 1942 anti 
lias not recurred. 


Tho tumour (2x1 -5x1 cm.) was smooth, oval, soft, pink and cellular- 
looking. It resembled a lymph nodo. Sections show hyperplasia of the 
lymphoid stroma with woll marked Flemming’s centres. Both in these centres 
and in tho medulla nro many small branching tubules. Each has a well defined 
bnsoment membrano of rcticulin or sometimes of collagen. There is no tendency 
to squamous motaplasia or to tho formation of solid acini of epithelial cells. 

Case 0. F. CO (fig. 11). For four months there had been a swolling in the 
right parotid region. Thcro was no pain and tho symptoms suggested caloulus. 
On operation, howover, nono was found and a biopsy v. r as token of the tumour. 
This was followed by X-ray therapy, and thcro has been no recurrence. 

Tho biopsy (1*4 X 0-9 X 0-7 cm.) does not show tho relation of the tumour 
to tho parotid gland. Thcro is a tendency for it to bo divided into lobules by 
thin fibrous septa. The lymphoid stroma shows follicles, medulla and sinuses 
and is hyperplastic. It contains numerous branching tubules, evidently derived 
from tho parotid gland, which resemble thoso seon in caso 5. 

Case 7. F. 71 (figs. 13 and 14). For about five months there had been a 
painful swolling in tho left sido of tho neck which had become progressively 
larger. It was situated in tho left submnxillary salivary gland. It was removed 
and found to bo malignant, so that tho sito was treated with radium needles. 
Two and a half years later tho scar was still healthy and there was no recurrence. 
During tho next year tho pntiont died, probably' from some other cause. 

Tho tumour looked liko a mass of enlarged lymph nodes (4x3'5x2'5 cm.). 
Tho cut surfaco showed white soft compact tissue with zones of fibrosis. Icro 
scopicnlly tho tumour is scon to bo divided into lobules by r septa o 
tissue, which in a fow areas is condensed and contains nerve fibres an 
vcssols. Tho lymphoid tissuo in this caso 1ms been largoly replaced by neop 
colls, which in thoir nppenmneo and general pattern are exactly like 10S , ,- c 
symcytial roticulosarcoma ; thoy r liavo nono of tho characters o an ana ^ 
opitholial coll ; a rcticulin impregnation shows only a few sea ere ^ 
with no particular arrangement, and tho, tumour colls givo a posi » 


reaction in tho nuclous. 


tubules 


Both in tho fibrous tissuo and in tho zones of lymphoid issu 0 f 

and small solid acini of opitholial colls. These havo most o 10 ® aP lasia. 

thoso scon in tho preceding coses, but there is no definite squamou ^ 

Tho best differentiated tubules resemble tho acini and ducts o a o, e 

and aro to bo found cliiofiy' in tho fibrous septa, but there are ^ ar jsmg 
lymphoid tissuo where these small solid epithelial islands app ^ They 

from tho tubules by motaplasia. Thoy do not appear to o fibres nni 

havo a woll defined basemont membrano of roticulm or co ^ g j iQW soro e 
thoir nuclei liavo a negative silvor reaction. Figs. an 
characteristic epithelial islands. ... _ vncv tial roticulo- 

This tumour, then, sooms to bo an ndonolymphoma in i 
sarcoma of tho stroma. 


Histological summary 

• T1 ^ 

These tumours have tho following features in con ?^' tubular, 
situated in a salivary gland. They contain glan u ar ® g] an d, and 

cystic or solid acinar, which are derived from | c s gland 

which, though in some places they may be o y hyperplasia or 
tubules, in most others show evidence of progre appearance; 

neoplasia. They have a lymphoid stroma of variable FF 
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Fio. 9. — Case 5. Renctivo hyperplasia of 
lymphoid stroma. Tubules m follicles nnd 
medulla, x 110. 



Fio. 10.— -Case 5. Reticulin impregnation, 
showing concentration of reticulin around 
tubules X I2f> 




Fro II. — Case 6. Irregular tubules in n 
hyperplastic lymphoid hi roma X 1 1 0. 


Fio. 12. — Adult parotid lymph node, showing 
inclusion of glandular acini and tubules 


X100. 
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± iu. irf — Unso 7. Older looking tubules in a 
fibrous stroma, with adjacent epithelial 
island. Completely patternless stroma. 
\U0. 



.... — xypiuu secondary lympho-opithehoma 

of cervical lymph node, x 125. 



Via. 14 — Case 7. Greater magnification to 
show epithelial island and malignant character 
of stroma. X'ICO. 



Fig. 16. — Same case as fig. 15, showing the 
mvash e character of the epithelial cells and 
their irregularity, x 4D0. 
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in the first two cases this stroma appeared to arise as a proliferation 
of lymphocytes in the salivary-gland interstitium and is a simple 
hyperplasia ; in the third and fourth cases the stroma shows a 
lympho-histiocytic medullary reticulosis, whioh is a reactive rather 
than a progressive hyperplasia ; in the fifth and sixth cases there is 
an ordinary hyperplasia of the “ reactive ” type, with the formation 
of Flemming centres ; while in the seventh there is a syncytial 
reticulosarcoma. 

Although the histological differences are so striking, these cases 
are so near in their composition to the group of tumours called 
adenolymphoma of the salivary gland that it seems fair to include 
them in that group, as Plaut suggests of his three cases. His tumours 
and that described by Fein are of the same histological type as the 
seven now described. Plaut mentions cystic spaces but Fein’s case 
does not seem to have contained cysts. Only case 1 of those now 
described shows cysts. Skorpil (1939) describes three cases of 
lympho-epithelioma of the parotid gland, of which the first two are 
the usual malignant type, but the third looks more like an adeno- 
lymphoma of the kind now being discussed, with well defined solid 
acini of epithelioid cells ; moreover, he stated that there was no 
recurrence after local removal. It is quite likely that other cases 
have been taken for lympho-epitkeliomata. 

Origin of adenolymphoma 

The similarity of this kind of tumour to those lymph nodes which 
contain ectopic parotid tubules is too close to escape mention. Neisse 
(1898) was the first to point out that there were nearly always tubular 
structures derived from the parotid gland to be found in the pre- 
aurieular lymph nodes of newborn infants, while Nicholson (1922) 
developed this point, showing that these glandular structures some- 
times persisted into adult life, Plaut says that this work has been 
repeated and verified in the surgical department at Yale. Fig. 12 
shows a pre-auricular lymph node from a male adult in which duct 
and glandular structures, obviously derived from the neighbouring 
parotid gland, are to be seen within the lymph node. It is hard to 
believe, when comparing this with fig. 11, that these tumours are 
not derived from ectopic glandular epithelium like this. 

Is one then to accept the theory that ectopic salivary tissue within 
a lymph node is the origin of the commoner sorts of adenolymphoma — 
of those with cysts lined by columnar cells ? There are many other 
theories in this field, of which it seems necessary to mention three. 
(A more complete account may be found in the writings of Jaffe 
(1932), Kraissl and Stout (1933), Carmichael, Davie and Stewart 
(1935) and Bonifazi (1936)). 

One theory is that they may be of branchial origin. Bonifazi 
disposes of this theory by pointing out, in a careful description of 
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lump occurred in the pre auricular region, and that a portion was 
sent to the pathologist as a parotid tumour If the section represents 
a sector of a spheroidal tumour , the original growth might have 
measured about 3 era m diameter It is composed of parenchymatous 
lobules with a minimum of fibrous stroma and with occasional 
lymphoid aggregates but no germinal centres The cells within these 
lobules are usually columnai, sometimes spheroidal or polygonal, 
never ciliated They are arranged in trabeculae 01 anastomosing 
strands, with a suggestion of tho palisading described t> 3 ’ Hamperl 
(1937) In such strands there is usually a delicate fibrous connective- 
tissue basement membiane on both sides and no attempt at tubule 
formation, elsewhere there is a suggestion of acinus and tubule 
formation The cytoplasm is granular and distinctly eosinophilic 
With Masson’s tnchromic stam it is reddish puiple and the granules 
are prominent The nuclei are neat, round or oval and have a delicate 
network of nueleocliromatin containing usually one but sometimes 
two or three nucleoli They are usually centrally placed In some 
parts of the tumour a different type of cel] is intercalated This is a 
flattened almost filamentous columnar cell, which is also sometimes 
polygonal or star shaped, as though it were compressed by the 
neighbouring swollen cells Its cytoplasm is homogeneous and hyaline 
and stains intensely red with basic fuehsin Its nucleus is always 
pyknotic It appears to be a degenerate form of the principal cell 
The tumour looks benign, but it is too early yet for the possibility 
of recurrence to be excluded 

On some published cases of salivary adenoma 

A pure salivary adenoma, that is one which is neither of the 
“ mixed ” type nor an adenolymphoma, seems to be rather a rare 
tumour Even so there are many lands, of winch the so called 
oncocytoma is probably the commonest None seems to reproduce 
the parotid glandular structure Huchel (1933) refers to one in Kauf 
inann’s Lehrbuch (1922, vol u, p 407, fig 244) This is an idealised 
drawing of an alleged parotid adenoma, m winch there are hollow 
glandular acini lined by cubical or low- columnar cells and separated 
by little or no stroma It is impossible from this to recognise what 
the tumour was There is also the form of adenoma called “ para 
thyroid like ”, which is sometimes a variety of the oncocytoma , but 
intermediate forms occur between the oncocytoma and the adeno 
lymphoma, the oncocytoma and the mixed parotid tumour and 
between the adenolymphoma and the mixed parotid tumour 

In McFarland s critical study (1927) of all the cases of parotid 
adenoma which had any claim to be pure, he concludes that thej 
wero all variants of the mixed parotid tumour lie observes that 
the adenomas shade off into tho mixed parotid tumours and prefers 
to put them all into the latter group At that time lie subscribed to 
the old theory of Cuneo and Veau, that these “ mixed ” tumours 
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the embryology of the parotid gland, that the branchial pouches 
take no part in its formation. Kraissl and Stout do the same. 

Another is that they are derived from the “orbital inclusion”, 
a tubular structure surrounded by mesenchyme, apparently analogous 
to the parotid gland in its formation from the buccal sulcus hut°not 
connected with the gland. Kraissl and Stout describe the formation 
of this structure in detail and consider that these lyxnpho-epithelial 
cysts may be derived from it. 

The third is that of Hamperl (1931), which must be treated in 
rather more detail, not because it is more probable but because of its 
bearing on the formation of the pure adenoma. Hamperl examined 
histologically the salivary glands of a large number of cases coming 
to post-mortem and he describes swollen non-cih'ated columnar or 
cubical epithelial cells with an intensely eosinophilic granular 
cytoplasm, which he calls “ onkocytes ”, because of their swollen 
appearance. These were absent from the parotid glands of persons 
under 20 years of age but were present to an increasing extent in those 
of ripor years, appearing in every case over 70. Sometimes they 
occurred singly, sometimes in groups, sometimes forming little hyper- 
plastic nodules, sometimes forming true neoplasms. Hamperl assumed 
that they were derived from the glandular parenchyma by a process 
of dedifferentiation ; their nuclei were usually pyknotic (hence the 
older name of “ pydcnocyte ”), but this did not appear to interfere 
with their reproductive potential. He also pointed out that oncocyte 
occur in all sorts of mixed and mucous glands of the tongue, t iroa 
and alimentary and respiratory 7 channels. Stout (1943) has more 
recently drawn attention to similar cells in the bronchi an as 
suggested that one ty r pe of bronchial adenoma may be derive 
them. . , (• m 

Hamperl maintains that all adenolymphonmte are enve ^ 
these oncocytes. Jaffe enlarges on this hypothesis and „ 

the name "oncocytoma” be substituted for adeno ymp ^ 
Ackerman (1943), on the other hand, thinks that the Dam , noma 
cytoma ” should be used only for that typo of saivary .y 
which appears to consist purely of oncocytes and as no 
stroma. The latter seems much too close a. restric ion, ^ 
the wide distribution within the body claimed ° r ^ un( j er 
Similar tumours also occur in the palate (Ahlbom, . p ie lachrymal 
the conjunctiva ; the author has encountered a case in 
caruncle of a woman of 76. 


A case of oncocytoma of the paroti 

to be a . parotid 

called oncocytoma, bu 

available, except that fa 


The tumour here described seems to be a parotid s 


sponding closely 7 to the type 
few small lymphoid aggregates. 

Case 8. F. 59 (fig. 17). No history is 










706 


0. C. LLOYD 


grew from residual embryonal vestiges of ectodermal, mesodermal 
and hypodermal structures. In 1942, however, he writes of “the 
so-called * mixed tumours 9 ”, which suggests that he is no longer 
satisfied with tho old theory. It would probably be more in accordance 
with modern tendencies, as set forth for example by Harvey, Dawson 
and Inncs (1938), to classify the mixed parotid tumours with the 
adenomas. 

Ackerman gives the latest tabulation of recorded cases of the 
oncocyte group of salivary adenoma ; he enumerates eight. Huckel 
(1930) describes two cases of parotid adenoma which have been 
quoted as being parathyroid-like. One seems to have been an 
oncocytoma, the other was probably a “mixed” tumour. Franssen 
(1932-33) describes an adenoma of the parotid which he says is like 
Huckel’s cases and lie calls it parathyroid-like. The cells were 
polygonal, sometimes arranged in trabeculre and had hcematoxyphilic 
cytoplasm with water-clear vacuolation. These vacuoles did not 
contain fat or mucus but the material was not stained for glycogen. 
He describes the nuclei as rather large, round and containing one 
nucleolus and rather a lot of chromatin. In his illustration, however, 
the nuclei are small and dark. There seems no good reason for not 
including this tumour among the oncocytomas. Hiickel (1933) 
followed this up with another “ parathyroid -like ” tumour of the 
parotid, in which there was a tendency to tubule-formation. From 
his description (there is no illustration) the tumour -would fit quite 
well into the “ mixed ” group. 

Ahlbom illustrates two cases of adenoma (plates 29 an )> 
one of the parotid, the other of the hard palate. The latter is 
tabulated in Ackerman’s list of oncocytomas ; the former migi 
well have been included also but the cytology was spoilt y F® 
operative irradiation. The cells show much water-clear vacuo a 10 
Both were radiosensitive. _ .„ n 

Leroux and Leroux -Robert (1934) in their histological c ass f ^ 
of salivary-gland tumours illustrate, in their second figure, a p® ' , , 
adenoma not unlike my case 8. In their figs. 15 and 16 t ey 1 ^ 

a tumour resembling the so-called parathyroid-like varie y. 
they describe as a “ forme acineuse pure a cellules c a ||' e ^kj ar j es 
cells do not realty form true acini but are grouped aroun ‘ en( j 0 . 
and have vacuolated cytoplasm and a “ disposition P SC L nssen ’ s 
crinienno ”. Here the resemblance to Huckel s an they 

cases ends, for they go on to say that these tumours (o ^ j n a . 
have encountered three cases) both look malignan an . rise 
malignant fashion, recurring repeatedly and in one cas 
to pulmonary metastases. r . our s would 

Thus the “ parathyroid-like ” group of salivary ^ ^ gonl e 

seem to include some oncocytomas, some ra Lxe . h them 

malignant types. There realty seems no reason o 
by a separate name. 
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Fia 17. — CaseS Adenoma of the “ oncocy- Fig 18 — Case 9 Parotid adenoma, show mg 
toma ” kind Trabecul'e of cubical or cysts, tubules and trabeculae of cubical 
columnar cells with eosinophilic cytoplasm cells X 125 

A small lymphoid aggregate is also present 










SALIVARY ADENOMA AND ADENOL YMPHOMA 


707 


Another case of parotid adenoma 

This tumour seems to occupy a place midway between the cystic 
adenolymphoma and the mixed tumour. Though it has not yet 
recurred clinically it shows certain malignant histological features 
{but see McFarland, 1942, for the value of these). 

Case 9. F. 09 {fig . 18). For 6 to 8 months there was an unsightly painless 
lump growing in tho right parotid gland. The patient was otherwise well, 
except for a hypertension of 300 nun. Hg. systolic. The tumour was removed 
on 27th March 1944 and there was no recurrence by October 1944. 

When removed the tumour appeared to be partly cystic and most of tho fluid 
contents escaped. Otherwise it was a firm, partly rounded, partly irregular 
mass, 3x2xl*5 cm., with a tough fibrous capsule covering the rounded part. 
The cut surface showed slight lobulation by fibrous tissuo septa of a soft 
haemorrhagic growth. 

Microscopically capsule and septa are seen to consist of old collagenous 
fibrous tissue containing a few foci of chronic inflammatory cells with siderotic 
histiocytes, many areas of lymphoid tissue and a few places where the tumour 
lias’ invaded the capsule. There is no parotid glandular tissue but at one edge 
are some quiet-looking, sometimes dilated gland tubules lined by flattened, 
cubical or columnar epithelium. Tho parenchyma consists of cysts, tubules 
and trabecula; of cubical or low-columnar cells. Owing to the paucity of stroma 
within the tumour mass the cyst walls often look like undulating strands 
uniformly two cells thick. Ono of tho more solid areas is depicted in fig. 18. 
The cyBts and tubules sometimes contain much mucoid material, sometimes 
extravasated blood. The tumour cells have each a roimd centrally placed 
nucleus with well marked cliromatin network and from one to three nucleoli. 
Mitoses are few. Giant nuclei occur and are hypercliromatic or sometimes 
vacuolated. The cytoplasm is rather basophilic, granular and sometimes 
vacuolated. The details which suggest that the tumour might bo malignant 
are the irregularity in character and arrangement of the colls and the invasion 
of the capsule. 


On the origin of salivary adenomata 

Though it was not originally intended to discuss the ontogenesis 
of the mixed salivary tumours, it is necessary to do so because of the 
types of adenoma, which from a histological point of view occupy a 
position intermediate between the pure adenoma and the mixed type. 

A useful historical survey has been made by Ahlbom in one of liis 
introductory chapters to a volume containing the results of radio- 
logical treatment of 254 tumours of mucous- or salivary-gland tissuo. 
In this he points out that, with the exception of the earliest and least 
well grounded views, the original theory that they were adenomata 
derived from salivary-gland tissue was developed in France about tho 
middle of the 19th century and has more or less held the field there 
ever since. In the German-speaking countries, however, it was tho 
idea first of a mesenchymal and then of an endotholial origin that 
held sway, both eventually giving place to one or more of the 
developments of Cohnheim’s theory — that the mixed tumours were 
truly “ mixed ” in the sense that they were derived from embryonal 
or branchial anlagen capable of developing epithelial, mesenchymal 



708 


O. O. LLOYD 


and glandular structures. More recently a return has been made to 
a modification of the old French idea, that these tumours, if not 
actually derived from salivary-gland tissue, are at least always 
epithelial in origin. Even so, some doubt exists whether the 
myxomatous and cartilage -like structures found are derived from 
epithelium or mesenchyme. Hemplemann and Womack (1942) claim 
to be able to distinguish liistocliemically between the mucins of 
epithelial and of connective-tissue origin and state that they find 
both in salivary-gland tumours, while Harvey et al. maintain that 
none of the “ cartilage ” is true cartilage and that both this and 
the myxomatous tissue is formed by the fibrous connective tissue 
imbibition of the mucoid products of auto-destruction of the mucin- 
secreting parenchyma. They admit, however, that the myxomatous 
tissue may sometimes be the product of autogenous metamorphosis 
of the fibrous connective tissue stroma, and they draw' attention (as 
does Ahlbom) to the common appearance in the mamma; of bitches 
of tumours identical in appearance with mixed salivary tumours, 
which may' even develop in their stroma true cartilage or bone* 
They conclude that the mixed tumour of salivary glands arises from 
embryonal glandular replacement epithelium, which may or may not 
be sequestrated. 

With this conclusion one must agree and it makes the starting 
point for a contention that all salivary adenomata, whether mixe 
or pure, have a similar origin. There seems no reason to doubt tiafc 
the oncocytoma is derived from the cells described by H flra P e ^ 
(“ onkocytes ”) by a neoplastic process, but in accordance wit us 
contention the oncocyte is not a product of dedifferentiation o ® 
salivary epithelium but arises by the one-sided differentiation o 
embryonal glandular replacement epithelium. The fact that onc ° c ^j e 
are not found in the young is no contradiction, since it is exp & 
on the ground that the differentiation assumed does not . _ a ? ,i l0SC 
until later in life. When the differentiation is less one-si e , ^ 

tumours may be produced which have histological charac k * ^ 
mediate between the oncocytoma and the mixed sa rva • 

tumour. . , special 

The adenolymphomas seem at first to occupy a ra ie ^ er i 
position on account of the lymphoid nature of then s roma. 
would like to include them with his oncocytoma group, , fflen t, 
it is possible to find oncocytomas with a greater oi esser eT) itheliuni 
of lymphoid tissue in their stroma. But the tall column C y S t 

found in adenolymphomas, together with t eir P ^ ten( j e ncy 
formation, seems to put them in a different category. paralleled 

to squamous metaplasia, however, they 7 show a charac c 


by the mixed type of tumour. 

* The role of the myo-epithelium in the ^ or ?l ! Pj, 0n ^ str0in 
been convincingly demonstrated by Sheldon (194.1). 


ofthesetum<’ ursh8S 
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Lymphoid hyperplasia in association with glandular or opitheh'al 
hyperplasia of inflammatory or endocrine origin is a common 
phenomenon in the mouth, pharynx and gastro-intestinal tract, and 
in the structures derived from the branchial clefts, of which the 
thyroid and thymus are outstanding examples. Lymphoid hyper- 
plasia in association with neoplastic processes is less common, hut 
is characteristic of lympho-epitheliomata of the mouth and pharynx 
(figs. 15 and 16) and of the tliyoma, and it is also seen in the seminoma 
and dysgerminoma. 

It would seem reasonable, therefore, to regard the adenolymphoma 
as being a benign tumour derived from the same embryonal glandular 
replacement epithelium as that which gives rise to the other salivary 
adenomas, but as differing from them chiefly in having a greater 
amount of associated lymphoid stroma. Those from the parotid 
region may well be derived in some cases from the orbital inclusion 
described by Kraissl and Stout, which may be assumed to contain 
some of these embryonal glandular replacement epithelial cells. 
Reasons have already been given for regarding most of the seven 
cases described in this paper as being sufficiently closely related to 
the adenolymphoma to be included in that group, though it might be 
useful to distinguish them by some such epithet as “ solid ”. Stress 
is sometimes laid on the fact that the histology of the adenolymphoma 
is so characteristic, and so in many cases it is ; but since intermediate 
forms occur between the typical adenolymphoma and the pure 
adenoma or the oncocytoma, it seems unnecessary to postulate a 
different origin for the former. The associated lymphoid hyperplasia 
is not very remarkable when one considers the intimate relationship 
which often exists between salivary glandular tissue and the local 
lymph nodes. 

SUMMARY 

Seven cases of a solid variety of adenolymphoma are described. 
Six were benign, while the seventh showed a syncytial reticulosarcoma 
of the stroma. Of the benign cases five occurred in women and one 
in a man, chiefly in the 3rd, 4tli, 5th and 6th decades. They were 
painless and often had ill-defined outlines. They only recurred if 
incompletely removed and seemed to be radiosensitive. 

Reasons are given for classing them with the adenolymphomas. 
They should not be confused with the lympho-epithelioma, which is 
a carcinoma. Tour or five cases have been found in the literature of 
which the correct nature of three was recognised. It is probable 
that many other cases lie concealed amongst the lympho-epitheliomata 
which have been described as benign. 

A survey has been made of the literature of the salivary tumour 
known as “ oncocytoma ” and a case is described. Reasons are given 
for considering that all forms of salivary adenoma are closely related 
and that intermediate forms between all types can occur. A form 

J. PATH. EACT.— YOI LTOI 3 O 2 
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intermediate between the adenolymplioma and the mixed salivary 
gland tumour is described. 

Consideration has been given to the origin of salivary adenomas 
and it is concluded that they all arise by the one-sided differentiation 
of embryonal glandular replacement epithelium. The presence of 
the lymphoid stroma of the adenolymphoma is explained by the close 
association of lymphoid and epithelial tissues in the salivary glands 
and elsewhere in the mouth and in the pharynx and its derivatives. 

I wish to thank Dr Bobb-Smitli, curator of the Oxford lymph-node registry, 
for his liolp in obtaining theso cases and for his assistance in proparing this 
paper. 1 also wish to thank all the surgeons and pathologists who have given 
permission for their cases to bo published. My special thanks go to Mrs Elizabeth 
Book for tlio photomicrography. 
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HE MOLYTIC ICTERUS (ACHOLURIC JAUNDICE), 
CONGENITAL AND ACQUIRED* 

J. T. Loutit and P. L. Moujsoji 
From the South London Blood Supply Depot 

To-day, in spite of notable advances in hamiatology in the last two 
decades, the hajmolytie anaemias are little better understood than in 
the years preceding 1014, when such well known Continental figures 
as Minkowski, Landsteiner, Vaquez, Chauffard, Widal and Banti and 
their pupils studied them. Modem classifications agree on four known 
{etiological factors : (1) Congenital defects of the erythron, e.g. sickle- 
cell anmmia, (2) bloodstream infections (streptococcal, staphylococcal 
and toelchii septicemias etc., and malaria), (3) exogenous toxins (lead, 
phenylhydrazine, arsine, toluylenediamine etc.), and (4) endogenous 
antibodies leading to red-cell destruction, (a) the cold iso-hoemolysins 
in paroxysmal hemoglobinuria, ( b ) the natural blood-group iso- 
antibodies in incompatible transfusions and (c) the immune maternal 
iso-antibodies causing haemolytic disease of the foetus and newborn. 
Many cases of anaemia, clinically bcemolytic in character, cannot 
with certainty be attributed to any of these causes. 

Probably the commonest type of haemolytic anaemia seen in this 
and other temperate countries is that known as hajmolytic icterus 
or acholuric jaundice. Both these designations and the ordinarily 
used synonyms are non-specific terms and do not serve to identify 
the syndrome from other heemolytic states. Even when prefixed with 
the adjective “ familial ” they do not distinguish it from other 
hiemolytic states which are familial, e.g. sickle-cell anosmia and 
elliptocytosis (Penfold and Lipscomb, 1343). A congenital and 
frequently familial form has been generally accepted : an acquired 
form has been described but not generally accepted. Both types have 
certain clinical and hematological features hi common. The subjects 
are usually clinically jaundiced and have hyperbilirabinsemia, but 
no bilirubin in the urine ; they have an enlarged and usually 
palpable spleen and usually present an anaemia of a degree ranging 
from mild to severe ; the blood shows an increased reticulocyte 
count, spherocytosis of the non-reticulated cells and increased fragility 
of the red cells to hypotonic saline. The linamolytic basis of the 


* Report to tho Medical Revenreh Council, 
j. riiit, jucr— \oi I. vm 711 
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syndrome is proved not only by the signs of excessive red-cell regenera- 
tion in the peripheral blood, but also by the constantly excessive 
bilirubinoicl pigment excretion in the urine and feces and by the 
constantly increased rate of autohsemolysis of the blood in vitro. 

The first descriptions of the congenital form are fragmentary. 
Murchison (1885) described a family of which several members were 
jaundiced. Wilson (1890) noted in another such family chronic 
splenic enlargement in individual cases. Minkowski (1900) gave the 
first reasonably complete description. He found 8 cases in three 
generations of a family and noted the chronic icterus, urobilimiria 
and splenomegaly and at post-mortem on one case, limmosiderosis of 
the organs. He attributed the condition to an abnormality of blood 
destruction due to a lesion of the spleen. Chauffard (1907) found the 
same clinical features and first, recorded the increased fragility of 
the red cells to hypotonic salines. With Fiessinger (Chauffard and 
Fiessinger, 1907) he also described the vital staining of the red cells 
and the increase of “ granular ” cells or reticulocytes, different from 
the stippled red cells of plumbism. Microcj’themia as a feature of 
the blood films has been mentioned from the earliest times. Naegeh 
(1931) showed that these microcytes were spheroidal cells and coine 


the term “ globe-cell ” anaemia. 

The first report of the acquired form is generally attribute . o 
Hayem (1S9S), but it was Widal, Abrami and Brule (190k )> 
who in a series of admirably lucid papers, clearly distinguis e e 
features of the acquired from the congenital form. Accor ing o 
them, in contrast with the congenital case who, Chauffard ha no • 
was "'icterique plutot que vraiment malade”, the acquire ^ c. ^ 
were severely ill and anaemic ; there was no past or fam' y 115 01 
the condition; they were all adults; their red cells v ere ^ 
not the microcytes of the congenital form , although anisocj 
marked and signs of regeneration were as evident as in e c ° 
cases ; the fragility of the red cells was increased, especia ^ ^ 
red cells were washed free of plasma before being sl j s l lCT Lwgneous 
various saline solutions : auto-agglutination occurie > s 
and complete recovery was possible; all the ,wdiamine. 
reproduced in dogs by intraperitoneal injection o o uj there 

In spite of this clear differentiation, in the las "° Rvn( ] ro mc as 
has been a tendency to regard both clinical foims 0 ^ 922) in i' lC 
of identical aetiologv. This view was held by 0 and Vaughan 
U.S.A., and Paschkis (1930) in Europe. _ Dawson ( 196) ^ of the 
(1936) in this country were of the opinion tia c0 urse and a 

congenital form. Dacie (1943) regarded a c or ” essen tial for the 
positive family history as confirmatory only an no > p affSO n and 
diagnosis of “ familial haemolytic anremia . ca ses a s being 

Paschkis have explained the apparently acquir ^ ^ ie ; r cases 
latent until the syndrome manifested itself, an n* onC ] u ded that, if a 
at least this was the correct explanation. 0 
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sufficiently large number of relatives v ere subjected to the saliiie 
osmotic fragility test, other latent cases with increased red-cell 
fragility would be found in the family Meulengracht (1022), however, 
has stated that the condition is not passed on by cases of the acquired 
form to their offspring On the other hand, Daraeshek and Schwartz 
(1940), although they recognised the clinical difference between the 
congenital and acquired forms, seemed to regard them as being of 
probably the same aetiology and duo to a “ luemolysin 

Evidence is presented below by a study of the suivival time of 
transfused red cells and of the sensitisation of red cells that the 
congenital and the acquired cases show physiological and serological 
differences from each other, indicating that they have a different 
retiology 

Methods 

Estimation of suruial of Uamfustd red cells. Dacie and Molhson’s (1943) 
or Molhson and Young’s (1940 41) modification of tho Ashby (1919) teclimquo 
was used for tho detection of het erologous but compatible red cells m a 
recipient’s circulation, c g group O red cells m a group A recipient, or typo 
Rh— red colls in a typo Rh-f recipient, or typo N red cells m a type M or IffN 
recipient A count of tho unagglutinated red cells m a blood sample taken 
within n feu minutes of the end of a transfusion was regarded ns 100 per cent, 
survival All subsequent counts of unagglutinated cells were expressed a** a 
percentage of tins figure and, ns pointed out by MoUison and Young (1941 42), 
this may result m a slight overestimate of tho true survival 

Freshly drawn blood or blood stored for a few days only m a reliable 
glucose citrate preservative was used for the transfusions. 

MV t\\c cases investigated, manifested the diagnostic cxitosus, given, above., 
including the spherocytosis and increased red-cell fragility 

Estimation of sensitisation of red cells A 2 per cent, (approx.) suspension 
m normal saline of thrice washed reel cells from individual patients was mrsed 
with equal quantities of a rabbit nnti human serum serum, which had been 
suitably absorbed with human A, B and O red cells The mixture was allowed 
to stand at room temperature for one hour and then inspected for agglutination 
ns described by Coombs, Mourant and Race (1945) Tho presence of agglutinates 
was taken to indicate that tho red cells had adsorbed an unmune antibody- 
globulin from tho plasma, thus sensitising them, and that the adsorbed globulin, 
remaining adsorbed during the washing process, had interacted with the auti- 
humon serum serum to cause agglutination of tho red cells Tho agglutination 
was recorded as -f- *f+ (complete or visual agglutination), -f-f- (strong 
agglutination when \ lowed microscopically) or -f (moderate agglutination when 
viewed microscopically) As different batches of anti human serum serum 
were in use and as no standardisation had been carried out, the results aro 
considered of qualitative value anlj 


Results 

Transfusion of nonnal blood to recipients with acholuric jaundice 

(a) Congenital and familial tijpe. Dacie and Mollison have already 
published their results of the transfusion of normal blood to recipients 
with congenital acholuric jaundice. Fig. 1 shows the survival of tho 
normal red cells in 5 such cases The figure is copied from Dacie and 



714 


J. F. LOVTIT AND P. L. MOLLISON 


Mollison, who published 6 cases, but the sixth case has been omitted ; 
it was considered atypical in that the patient was an Rh— recipient 
who developed an anti-Rli agglutinin. It was felt that this phenomenon 
accounted for the diminished survival of the Rh-f transfused red cells 
in this case. Normal blood in these five eases survived for periods of 
100-120 days aird the graph of elimination was roughly linear. These 
findings are such as are obtained in normal recipients (Mollison and 
Young, 1941-42 ; Brown et ah, 1944 ; Callender et ah, 1945). 



Fiq. 1.— Survival of transfused normal red cells in 5 recipients with cong en 
jaundice. (Data derived from Dncio and Mollison, WJ). 


( b ) Acquired type. In 8 such cases transfused mth no ^ are 
die results were totally different. Cases 1- iep anteniia of 

from an as-yet-unpublislred series of cases of 
various types which have been studied in some dated (Molbso ^ 

Case a (E. S., $ aged 44) received, before followed. 

6 months two transfusions, the survival of io re , re(J ce lls, 50 P er ceD ' 
Both showed very rapid destruction of the ran 

having beon eliminated in 5 and 3 days respec ive • • t j on w as still m° r 

Case 2 (W. E., 3 aged 05). Here the rate of ehmma ^ 

P It is notable that in both cases the survival tune ^^^survival at 9 and 
splenectomy, though still much less than norn \ . when compared wi » 

4 days respectively), showed a definite m P r0 ^ t ; n case 2 the 
figure before operation. It is even more > notebk > that^ ^ at 8 

time 2 years later was still greatly dimims ( soven .day weeks w 
although this man, now aged 67, was doing 
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could “ walk for miles and miles He died suddenly 2§ years after splenectomy 
from pulmonary embolism following thrombosis of the crural veins. Case l 
is alive and well 3| 5 ears after splenectomy. In both cases spherocytosis and 
increased red cell fragility persisted after the operation. 

Case 3 (M. C., $ aged 60) in 1943 presented all the phenomena of acquired 
acholuric jaundice; she also eliminated transfused rod colls very’' rapidly 
{60 per cent, survival at 5 days). She refused splenectomy, but, like ope of 
the cases reported by Widal el ah (1909), subsequently made a spontaneous 
and apparently complete clinical recovery. The blood count became normal 
and in contradistinction to the two previous cases the increased red coll fragility 
and spherocytosis disappeared. A further test blood transfusion in 1945, 
2 years later, showed normal survival of tho transfused rod cells as far as they 
were followed for 3 weeks, a striking contrast with the previous cases. 



Flo 2 — Surv ival of transfused normal red cells m case 5 of acquired acholuric jaundice. 

Dotted line, survival graph before remission Continuous lino, survival graph after 

remission, following splenectomy 

Case 4 (M. S., ? aged CO) also showed all the features of acquired acholuric 
jaundice. She received several transfusions in the course of a few weekf;, In 
each instance 50 per confc. survival was charted at 7 days or less. She died 
without splenectomy having been, carried out. 

In addition to these earlier cases, 4 other cases (nos. 6*8) have been 
investigated. 

Case 5 (R. L,, $ aged 28) was a typical example of the acquired acholuric 
jaundice syndrome. As splenectomy m cases 1 and 2 had seemed to produce 
not only clinical improvement but also an apparent slight lengthening c>f tho 
survival timo of transfused red cells, it was decided m this instance to follow 
the survival of red cells transfused 3 tlajs before tho splenectomy. Rod cells 
from tho emno blood could thus bo traced both before and after the operation. 
Tho rate of elimination, very rapid indeed before splenectomy (tv o thirds 
approximately of tho transfused red cells had already been destroyed), was 
obviously markedly slowed following the operation (fig. 2), though it was sfcdi 
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greater than, normal. A dnt^p m 

transfusion. S« monthf J « * b 6 residu «m was present 40 , , 

JnTmonft f ?*** * both Stances • ?*** (aboufc 60 P er cent. 

0 rn , onth b °torc and 0 days aflor ‘ n J S ' t ^ D transf usions were given 



a/^er transfusion. 


jaundice * V< n °L trnas ^ uscc * nor nial red cells in coses 0 nnd 7 of acquired ndiolurii 
fusions after Rplwitctomy"' 1 ' 8 ^ 5 ' 0 " b ° f0r ° Splenectomy ‘ Continuous lines, trans 


unit nri-r,^ l 7 0 a 5 e< ^ 39) ^ ia d bilateral fibro-caseous pulmonary tuberculosis 
sprinc of J 04 r ^ evG ^ Q pod the syndrome of acquired acholuric jaundico in the 
„ i )7 . . ,J ' . 0 might thus bo regarded ns a case of secondary or symptomatic 

the pk j ^ aUn ! c0 > n ifhough there is no generally recognised association of 
deserd? i 101 ) 10 tnhoreulosis. Ho presented all the features of the syndrome 
Ho -to C f n ■ )ove - Splenectomy in July 1945 produced no lasting improvement, 
c Jl f !, • BCen by us in 1,10 autumn of 1945. Elimination of transfused red 

S ,,, a . rr 1IJ! 7' mo was extremely rapid (20 per cent, survival after 24 hours: 
*&• )• ff° died shortly afterwards. 

f if; 4 rofera to a single case {G. B„ <J aged 39) with no family history but a 
pas ns ory of periodic jaimdico extending back for about 20 years. He vbs 
I s , , m y esfcl gatcd in 1943, when be bad infective mononucleosis and a relapse 
ot his jaundice. The survival test of the transfused blood was made after 
recovery from the infective mononucleosis and when he was, as regards bis 
ancemia and jaundice, in a state of remission. It will bo noted that his elimina- 
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tion graph is curved and that 60 per cent, of the transfused red cells had been 
destroyed within 32 days. Tho diagnosis in this caso between congenital and 
acquired acholuric jaundice was somewhat equivocal, but there was a complete 
absence of family history, and his mother, his only surviving relative, had a 
normal red-cell fragility. He was subsequently submitted to splenectomy. 
The blood count returned to normal figures, but the red cells remained unduly 
fragile to hypotonic saline. No transfusions were performed after the operation. 
He died unexpectedly 18 months later from a coronary thrombosis. This case 
has been included, not as a definite case of acquired acholuric jaundice, but for 
completeness. 



Days after transfusion. 

Fio. 4. — Survival of transfused normal red cells in caso 8 of acquired acholuric jaundice 
before splenectomy. 


To sum up, eight cases with the clinical diagnosis of acquired 
acholuric jaundice have shown on increase in the rate of elimination 
of transfused red cells — very marked in seven cases, slight in one. 
In some of the cases the graph of elimination was not, as in the normal 
recipient, linear, but curved and of roughly exponential form {cf. 
Brown el al.). Any variations from the perfect curve may have 
been due to an error in tho method or, in some cases, to variations 
in the activity of the hcemolytic process. 


Transfusion of blood from patients with acholuric jaundice 
to normal recipients 

The recipients of these transfusions were all patients with simple 
post-htemorrhagio anosmia in whom tho survival of transfused blood 
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has been shown to be similar to that in the normal recipient (Brown 
et al., 1944 ; Callender ct al., 1945 ; Molhson, in preparation, 1946). 

{a) Blood from cases of congenital and familial type. Blood was 
drawn from 3 such patients, 2 of whom had intact spleens; the 
third had had a splenectomy one year previously and the results of 
this transfusion were noted by Dacie and Mollison. The red cells of 
these 3 bloods, after transfusion into recipients with post-hcemorrhagic 
anaemia, were eliminated far more rapidly than normal red cells 
(fig. 5), in spite of the fact that in the 2 unsplenectomised cases at 
least the reticulocyte count was high and therefore the average age 



Days after transfusion. 

ITig. 5. — Survival in normal recipients of transfused red cells from 3 cos jaunfao 

acholuric jaundice (continuous lines), and 4 cases of acquired 
(dotted lines). 

of the individual donor red cells should have been l® 3 ® j 1B ye 
normal blood. Had the celLs been normal ce averag e 

expected a maximal life-span of 100-130 days, u ^ ^ j )aTe 

cell life greater than normal ; that is, the grap i ^ f aC t the 
been linear but curved with the convexity upperm ^ er c ent. 
graphs tend to be concave rather than convex an normal 

survival is indicated at about 5-lo days ms ea 

50-60 days. _ -ulnnd was drawn &°® 

(b) Blood from cases of the acquired type. ^ res nectiwl r 

4 such patients — in cases 2 and 5, 22 months an an£ ; apparent/ 

after splenectomy; in case 4 after her spon a fmV In cases 2, 5 
complete clinical recovery ; in case 8 before splonectomj . 
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and 8 the patients were in a state of clinical remission, but there were 
still signs of active disease such as spherocytosis, increased fragility 
to hypotonic saline and rapid elimination of transfused normal red 
cells. The red cells from these patients survived in the recipients 
with post-hremorrhagic anaunia in a manner indistinguishable from 
normal red cells (fig. 5). In two instances (the blood from cases 2 
and 5) the survival figures one weok after transfusion were 84 and 
70 per cent, respectively, that is rather less than the expected figure 
of 90-100 per cent, for normal red cells, but the rest of the graph 
in eaoh case suggests a normal survival. Although, as has been 
pointed out, the diagnosis was equivocal in case 8, the results of the 
transfusion of his blood have been included, as they differ from those 
obtained with the blood of cases of congenital acholuric jaundice and 
are similar to those obtained with blood of cases of the acquired type. 


Serological experiments 

In a preliminary communication (Boorman, Dodd and Loutit, 
1946) the results havo been reported of the agglutination reactions 
of the washed red cells from cases of acholuric jaundice with anti- 
human-serum serum. Table I, copied from tlu's report, shows that 

Tabue I 


Results of the agglutination test with anti-human-serum scrum and 
the washed red cells of 17 cases of congenital acholuric jaundice 


Age 

Sex 

Hb(per 
cent ) 

Plasma 
bilirubin 
(mg. per cent.) 

Peticnlocyte3 
(per cent ) 

Splenectomy 

Agglutination Ot 
red cells 2. anti- 
human-serum 
serum 

19 

<? 

60 

19-2 

10*0 





53 

3*2 

9*5 

_ 

__ 

10 

3 

92 

4*8 

12*0 


__ 

23 

9 


3*0 

11*0 



_ 


3 

85 

2*0 


_ 


18 

$ 

80 

2*7 

12*0 

_ 


50 

$ 

76 

5*7 

7-0 




9 

98 

0*16 

0*5 

- 

- 


3 


0*32 

0 



69 

¥ 

107 

0*7 

1-5 

+ 

_ 

5 

9 

80 

0*5 

3*0 

+ 


40 

9 

96 

0*8 

0*6 

+ 

... 

12 

o 

90 

0*7 

0 

+ 

„ 

18 

9 

90 

0*5 

0*3 

+ 


78 

o 

82 

2*7 

4*0 

+ 

__ 

30 

9 

85 

1*6 

1*0 

+ 


24 

S 




+ 



in 17 cases of congenital acholuric jaundice the red cells were not 
agglutinated by the anti-human-serum serum : 16 were classical cases 
of tho disease, the 17th was the mother of a child with the classical 
syndrome, who herself showed no stigmata except increased red cell 
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fragility. Of the other 16, 9 had had splenectomy and the 7 with 
intact spleens were moderate^ or slightly anaemic. 

Table II shows the results of the agglutination tests in 7 cases of 
acquired acholuric jaundice. In 3 of these the test was carried out 

Table II 


Results of the agglutination test ivith anti -human-scrum serum and 
the washed red cells of 7 cases of acquired acholuric jaundice 


Case 

no. 

Age 

Sex 

Date 

tested 

Hb (per 
cent.) 

Plasma 

bilirubin 

(mg. 

per cent.) 

Jleticulo- 
, cytes 
(per cent.) 

Date of 
splenectomy 

Agglutination 
of red cells e. 
anti-lranm). 
serum senna 

0 

G7 

* 

27.X.45 

(Post- 

mortem 

... 

... 

... 

21.iv.43 

T 





blood) 






1 

40 

* 

20.x. 40 

9S 

0-10 

1-0 

U43 

4-f 

G 

44 

2 

13.ix.45 

47 

7-2 

51-0 

26.ix.45 

+ T+ 




19.ix.45 

62 

4-8 

8-0 


"f -f-f 




29.ix.45 

72 

1-3 

G-0 






I.x.45 

70 

3-2 

5-0 






12.X.45 

01 

3-G 

3-0 



7 

39 

<? 

20.ix.45 

38 


28-0 

July 1945 

+++ 




17.X.45 

38 

4-8 

31-0 



3 

29 

$ 

27.Lx.45 

30 

3-3 


4.X.45 

++ 




l.x.45 

39 

... 

52-0 


++ 




8.X.45 

100 

... 

1-0 


+ 

++t 

+++ 

++ 




12.X.45 

78 

... 

1-0 





20.X.45 

81 

0-9 

0-5 





9.xi.45 

80 

... 

5-0 


4 

59 

2 

7.ii.4G 

102 

0-3 

0-7 

Spleen 


9 

74 

C? 

ll.ii.46 

52 

S-0 

52-0 

intact 

+ T 


with the patient in a stage of relapse and with an intact sp een. 

3 cases the test was only done after splenectomy and in one (ca 
when the patient had made an apparently complete c ca 
limmatological recovery. In all instances the agg a ina 1 

was positive. f „ nnll ; re d 

These results suggest that the red cells of cases o 
acholuric jaundice have adsorbed from the plasma a . 0 ] nr j c 

antibody, whereas the red cells of cases of congern 
jaundice have no adsorbed immune antibody. 


Additional experiment 

The following experiment is one of an unpublished ^ j 40 O c.& 
Dodd, Loutit and Mollison). Persons of group . ^ e „„ T -.f. r ffu<red, h ie 

. . .. . ^ mi _ -rrm c irnmpfliatGiy d 


isonj. revsona ux ~ frifo^e 

into citrate solution. The blood was immediate ) y ’ c dec i in 
supernatant plasma removed arid the red - ce s 


0 




HJBMOLYTW ICTERUS 


721 


anti-A serum of high titre. In individual experiments the amount 
of anti-A serum added was varied. This resulted in varying degrees 
of clumping (apparently agglutination) of the red cells. The maximum 
amount of anti-A serum added was 180 o.c. to 220 o.o. of packed A red 
cells. Theso mixtures were allowed to stand for about an hour at 
room temperature and were then transfused to recipients with post- 
hemorrhagic antemia, in whom the survival of the clumped and 
presumably sensitised red cells could be followed. Pig. 6 shows that 
in all 5 cases so transfused the survival of the sensitised blood was 
apparently normal for as long as it was followed. 



Fxo, <J. — Survival in normal recipients of group A red cells sensitised 
with anti-A serum. 


Discussion 

There are several theories of the aetiology of acholuric jaundice, 
most of winch have been formulated on the basis of there being 
merely one syndrome of acholuric jaundice and not two. 

Thus Naegefi, who first described the spherocyte, suggested that 
it was pathognomonic of congenital acholuric jaundice and represented 
an inborn developmental defect of the red cell. Other workers 
(Gansslen, 1922; Haden, 1934; Thompson, 1938; Vaughan, 1936; 
Gripwall, 1938; Lloyd, 1941) have agreed with this view. On the 
basis of this hypothesis acholuric jaundice of the congenital variety 
might well bo called globe cell anmrnia as suggested by Naegeli, as it 
would ho comparable with siolde-cell anaemia and elliptoeytosis. 

On the other band, Dameshek and Schwartz (1938b), who produced 
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acute and subacute haemolytic anaemias with spherocytosis in animals 
by means of an immune haemolytic serum, believe that spherocytosis 
is due to the action of the haemolysin in vivo on mature red cells and 
they (1940) rightly point out that spherocytosis is not pathognomonic 
of congenital acholuric jaundice. Spherocytosis has been recorded, 
or has been inferred from increased red-cell fragility, in acute haemolytic 
anaemia (Dameshek and Schwartz, 1938a), myelosclerosis and allied 
syndromes (Vaughan and Harrison, 1939 ; Weil and Perles, 1938), 
leukaemia (Heilmeyer, 1936 ; Singer, 1940), erythroblastosis fcetalis 
and normal foetuses in utero (Hampson, 1928), carcinomatosis of 
bones (Waugh, 1936 ; Lucey, 1939) and in secondary Iuemolytic 
anaemias associated with ovarian dermoid cyst, lymphosarcoma and 
pneumonia (Singer and Dameshek, 1941) and the haemolytic anaemias 


due to sulphanilamide (Ham and Castle, 1940 ; quoted by Dacie, 
1943). Between spherocytosis and increased fragility to hypotonic 
saline there is generally a more or less exact correlation (Gansslen, 
1922 ; Haden, 1934 ; Ponder, 1937 ; Castle and Daland, 1937). 

This increase in fragility was thought by Troisier (1910, quoted by 
Chauffard et al., 1912) to be due to the fixation of a hEemofysin on to 
the cells, an idea previously mooted by Widal et al. (1908). It has 
subsequently been brought forward again by Dameshek and Schwartz 
(19386). Cases of haemolytic anemia with increased fragility of the 
red cells, in which circulating liremolysin could be demonstrated, have 
been described frequently since the first reports by Chauffard an 
Vincent (1909) and Chauffard, Troisier and Girard (1912). Converse y, 
the anaemia and jaundice and the increased fragility and reticulocytosis 
of the red cells have been produced experimentally by the injec ion 
of exogenous poisons (Widal et al., 19076) and haemolytic immune sen 


(Banti. 1913). ^ the 

An abnormal function of the spleen has also been invo m as 
cause of the increased haemolysis. Minkowski and C an ar 
held this idea. Heilmeyer, from observations on cases o 
acquired and congenital acholuric jaundice in which ie sp ^ 
index returned to normal after splenectomy, cone u e 
was no inborn error in the production of red ce s an ^ 

pathological red cells had been produced by altere , S P e yet 

Whereas this may be true in some of the acquired «**. 
undergo complete clinical and hsematological remission, ^ 
taneously or after splenectomy, it can hardly be s0 . in e( j red-cell 

cases, in which splenectomy usually leaves t le ino ' ^ least 

fragility and in most cases the spherocytosis if u p a0 j e) 1943). 
easily demonstrable (Haden, 1934; ^loyd, » attributed 
Gripwall (1938), Fahrams (1939) and Lloyd ( I gpleen 

the haemolysis to an excess of lysolecithin pro u Ham and Castk 
by an undue circulatory’’ stasis. On the ot ; on cells 

(quoted by Dacie) considered that circulatory s ^ cause of P‘ e 
which were unduly susceptible to its effec , 
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lysis. The stasis was attributed to increased viscosity of the blood, 
slowing of the circulation, or, in the case of Daraeshek and Schwartz’s 
experiment of the administration of immune haemolytic sera, to the 
presence of agglutinates. Dameshek and Miller (1943) have argued 
against erythrostasis pure and simple as the cause of the haemolysis 
and noted that the haemolysis does not occur unduly in heart failure, 
polycythemia and other conditions where there is general circulatory 
stasis. They came to the conclusion that haemolytic processes are 
probably due to various causes and not to a single factor like erythro- 
stasis or the activity of a haemolysin. However, one must conclude 
in the congenital cases, in which splenectomy effects a clinical cure and 
reduces the pigment excretion to normal (Watson, 1937 ; Barker, 1938 ; 
Singer, Miller and Dameshek, 1941), that the spleen is largely involved. 

The results of the physiological and serological experiments set 
out in this paper confirm the hypothesis of Widal el al. (1907c, 1908) 
that there are two different conditions having a different mtiology 
within the syndrome of acholuric jaundice. 

(a) Congenital acholuric jaundice 

Normal transfused red cells survive normally in recipients with 
this condition. Therefore indiscriminate blood-destroying processes 
cannot be at work. It appears that the transfused normal red cells 
are eliminated when they reach the end of their individual life-span. 
An abnormal hmmolysin or an over-active spleen or reticulo-endothelial 
system would hardly permit of this result unless its action was specific 
for the recipient’s own cells. The fact that the red cells from cases 
of congenital acholuric jaundice, when transfused to a normal recipient, 
are eliminated unduly rapidly indicates that these cells are unduly 
sensitive to the normal destructive processes of a normal person and 
that therefore it is unnecessary to postulate abnormal hsemolysins or 
over-active blood-destroying processes in the patients themselves. 
The serological experiment, showing no agglutination by anti-human- 
serum serum of the washed red cells of these cases, also suggests that 
no immune hsemolysin or such sensitising agent is present. 

Two current hypotheses are compatible with these findings and 
with each other. Whipple (1940-41), a proponent of an open circula- 
tion in the spleen (that is that the splenic pulp spaces provide the 
only link between the arterial and venous radicals), has suggested 
that the spherocytes cannot traverse the stomata of the splenic 
sinuses, whereas normal discoidai cells, because of their narrow 
diameter, can pass through with ease. Naegoli’s original hypothesis of 
a congenital defect of the erythron, with slight modifications, can be 
made to account for the production of the spherocytic cells. The red 
cells are not discharged from the marrow as spherocytes (Henstell 
and Dameshek, quoted by Dameshek and Schwartz, 1940) and only 
develop the spherocytic form when mature. These cells, therefore, 
may well have an inborn defect which makes them unduly sensitive 
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Blood taken from these cases of acquired acholuric jaundice and 
transfused to normal recipients showed normal survival, even though 
the cells were apparently sensitised. The current conception of 
sensitisation of the red cell by an appropriate antibody is that the cell 
is then due for luomolysis by the action of normal complement. It 
would appear that this is not necessarily so and that the process of 
sensitisation is a reversible one in vivo, so that under suitable conditions 
— in these instances in the circulation of a normal person — the immune 
antibody or hsemolysin can bo washed off the cell, which reverts to 
its normal state. This conception is supported by the additional 
experiments quoted. Group A blood, sensitised by mixing the red 
cells with high titre anti-A serum — containing it is true a natural and 
not an immune antibody — survived normally after transfusion to 
normal recipients. Sensitisation per se, therefore, in vitro, as in this 
experiment, did not mean that the red cells were doomed to immediate 
hamiolysis in vivo under the action of normal complement. The 
same argument can be applied to the results of transfusing blood of 
cases of acquired acholuric jaundice to normal recipients. 

In the patients themselves with acquired acholuric jaundice the 
red cells must be destroyed extremely rapidly. The excretion of 
bilirubinoid pigments is grossly excessive. There is obviously, 
therefore, some other factor present in these cases which completes 
the haemolysis of the sensitised red cells. If it is the spleen or the 
reticulo-endothelial system it must be a pathologically potentiated 
spleen or reticulo-endothelial system, as this blood survives normally 
in a normal recipient. More probably, however, the hromolysis is 
intravascular and not intracellular (of. Fairley, 1940). In all 4 such 
cases where we examined the scrum spectroscopically, Schumm’s test 
for methmmalbumin (Fairley, 1941) was positive, showing intra- 
vascular red-cell destruction. There is, therefore, possibly some 
other abnormal potentiating substance in the plasma of these cases, 
as well as the immune antibody or hiemolysin. 

The presence of such an abnormal co-htemolysin or abnormal 
complement may explain the anomaly in case 4, where the patient 
recovered completely but retained her sensitised cells. She also 
retained normal transfused blood normally. If, however, she had lost 
from her plasma this hypothetical co-hsemolysin the phenomena are 
explained. 

The results of splenectomy in cases of acquired acholuric jaundice 
are never as dramatic as in congenital acholuric jaundice. In this 
series, cases 1, 2, 3 and 8 were ultimately considerably benefited ; 
the haemolysis was slowed, allowing the regenerative processes to 
compensate for the destruction. In cases 6 and 7 splenectomy had 
little ultimate effect. It has been pointed out that case 7 might be 
considered one of secondary lucmolytic anamiia as there was extensive 
pulmonary tuberculosis. Singer and Dameshek have reported several 
oases of secondary haunolytic anemia with all the stigmata of 
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acquired acholuric jaundice. As acquired acholuric jaundice has been 
shown to be due to abnormal haemolytic mechanisms, it is not 
improbable that all cases of acquired acholuric jaundice are really 
secondary haemolytic anaemias, the primary lesion or metabolic 
disturbance being in most cases unidentified. Spontaneous cures are, 
therefore, not unexpected if the primary disturbance resolves ; and 
if the primary disturbance or lesion can be identified, as in Singer 
and Damesliek’s case of ovarian cyst, removal of this primary lesion 
results in cure of the anmmia. 

Our term “ acholuric jaundice ” has been used throughout this 
paper to conform with the general British practice. It would be 
preferable to refer to the congenital form as familial haemolytic 
anaemia (spherocytic type) and to the acquired form as acquired 
lisemolytic anaemia (spherocytic type). Ultimately, the acquired 
haemolytic anaemias should bo classified on their aetiology rather 
than on red- cell morphology. 


Summary 

1. In cases of familial acholuric jaundice normal transfused red 
cells survive normally 7 (Dacie and Mollison). Bed cells of cases with 
familial acholuric jaundice on transfusion to normal recipients are 
eliminated unduly rapidly. 

2. In cases of acquired acholuric jaundice normal transfused re 
cells are eliminated unduly rapidly. Red cells of cases with acquire 
acholuric jaundice on transfusion to normal recipients survive norma y. 

3. Bed cells from cases of familial acholuric jaundice w en 

thorouglily washed are not agglutinated by a rabbit anti-human 
serum serum. Bed cells of cases of acquired acholuric jaundice w c 
thoroughly washed are agglutinated by this reagent. ... j 

4. The theories of the rotiology of acholuric jaundice, o ™ 

and acquired, are discussed. It is suggested that the a ov ® . 

indicate that in the familial type there is a hereditary in orn ^ 

the erythron and that in the acquired type an abnormal nm 
co-lnemolysin ” system is in action, destroying bot auoo D 
homologous red cells. 

We wish to acknowledge the invaluable help given us y ecessar yfor 
who performed most of the routine hematological sxammano Biohards0 a 
the diagnosis and follow-up of these cases, by Drs J. . V acre ^ uumero® 

with special quantitative liromatological examinations an 
clinicians who have allowed us access to their cases. 
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OBSERVATIONS ON THE PULMONARY 
MACROPHAGE SYSTEM 

A. B. E. MARSHALL 
From the London Hospital Medical College 

(Plates CXLII-CXLV) 

The origin and nature of the phagocytes of the lung were an object of 
investigation by the earliest morbid histologists. Thus Slavjansky 
(1869) and von Ins (1878) indicated that these cells reached the 
alveolar spaces by diapedesis through the capillary walls, while 
Ruppert (1878) and Arnold (1882) traced their origin to the lining 
cells of the alveolar walls. Since that time many investigations have 
been made on this subject ; reference should bo made to the papers 
of Cappell (1929), Pried (1934) and Garleton (1934) for bibliographies. 
It is sufficient to state that three conflicting views are held on this 
question : (1) that the alveolar phagocytes arise from the monocytes 
of the blood by passage through the walls of the capillaries, (2) that 
they arise from the capillary endothelium, and (3) — the view held 
by the majority of investigators — that they are derived from - cells 
lining the air sacs, either the so-called respiratory epithelium or cells 
of mesodermal nature, the “ septal cells ” of Lang. In view of 
those conflicting opinions, arrived at after numerous histological and 
experimental investigations, it would appear that little further 
progress would be likely without the use of new technical methods. 
Two methods are available for the selective demonstration of the 
macrophage system of the body : (1) staining with vital dyes, .which 
has been extensively used in the investigation of this problem with 
few conclusive results, and (2) impregnation with ammoniacal silver 
or silver carbonate, which, although first used by del Rio-Hortega 
and de Asua (1921) over twenty years ago, has been almost completely 
neglected. This paper is mainly based on the use of the second method. 

The technique used is the same as that employed by del Rio- 
Hortega and others for the demonstration of the microglia and the 
cells so demonstrated are referred to by most authors as “ microglia- 
like ” cells. The literature on this subject is small. Hollowing the 
original work of del Rio-Hortega, de Asua (1927) demonstrated similar 
cells in the spleen. Cone (1928) described them in degenerating areas 
of tumours and in the adventitia of vessels. Wells and Carmichael 
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(1930-31) showed cells in tissue cultures of chick tissues which were 
impregnated with silver carbonate and reacted to vital dyes in a 
similar manner to macrophages. Visintini (1931), by Bolsi’s method, 
demonstrated cells resembling the microglia in cardiac and voluntary 
muscle and in the urinary bladder, Belezky (1931) “microglia-like" 
cells in the spleen, and Dunning and Stevenson (1934) showed that 
these cells (in the spleen and other tissues) responded to injury by 
forming rounded macrophages which absorbed vital dyes. 

Dunning and Furth (1935) in further studies concluded that 
microglia and histiocytes elsewhere in the body form a single cell 
type. Bobb-Smith (1938) described cells impregnated by del Rio- 
Hortega’s method in lymph nodes. Little attention appears to have 
been paid to the lung. Goyanes (1936) described cells, both branching 
and spheroidal, which were impregnated by del Rio-Hortegas 
method in the lung of the rat, while El Gazaycrli (1936) demonstrated 
spheroidal cells in the alveolar walls of the rabbit lung w c we 
impregnated by Penfield's method. He concluded that these corre- 
sponded to Lang’s " septal cells ” and derived the alveolar phago ytc 
from them. 


Methods 

In previous work with the silver carbonate t ® oh ^ le ’ XlSv^been 
frozen sections by standard methods for rnicrog P? frozen sections of 
generally used. Owing however to the difficulty^ , g hflnd3 B t least, 

lung and to the generally inferior results which, m th ^ the following 

have been obtained on material^ outside the norvous^systc^^^^^ though 
modification of Ponfiold’s technique was devise m norm al and 

lengthy, has given generally reliable and < often bnffi ta of the denser 

pathological tissues, its chief drawback being P P , f oun d the Wed- 
tissues. Of the standard techniques for rmcrog most satisfactory, 

Davenport (1933) method applied to frozen sections y b th fe brought down 
provided that the concentration of the formalin reduemg bam 

to 8 per cent. iwnnl-saline or preferably 10 

(1) Fix tissues for 4 days in 5 per cent. ionium bromide 2 
formol-bromido {40 per cent, foirnaldehy e -V ^ stained after save 
distilled water 85 c.e.). Successful resul s y „ ore than 4 mm. thick a 
months’ fixation. (2) Cut tissues into blocks 1 no w&ter for 7 hours. W 
about 2 cm. square. (3) Wash blocks in p] nc0 in distilled wa 

Wash in 4 changes of distilled water for -Cleave overnight- ( c ) B . . . 

> 50 c.e., with 10 drops of concentrated ammonia, a hydrobromw acid 

' distilled water and place in the incubator in P changes)- (8)? 

8 hours at 37° C. (7) Wash for 1$ hours m J 37 > C. (•)*«*£ 

in 5 per cent, anhydrous sodium carbonate f p v ; 0 -Hortcga’s strong 

1 or ^ minutes in distilled water. (») *£>' »£ £ of «*»>, jf" 
sodium carbonate for 4-24 hours accord g ^ . Tho pieces m ); 

details of preparing this solution see Bussell, 193^ ^ ^ flowed tej 
hath should be propped against the sides ° J* Reduce overnight m 4 1*^ 
to the bottom. (IDBinseindistiUedwaten (12)^ ^ aloo holand e* 
formaldehyde in distilled water. (13) > of the biock. iM 

paraffin. (14) Cut sections at 15-30 p ^‘hloride. («) W 

the sections on the slides in 0-5 per cent, goia 
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and mount in balsam. The glassware used should be chemically clean and 
all chemicals including the formalin should he of “ Analar ” standards. 

The Weil -Davenport method may be modified as follows. (1) Cut frozen 
sections of formalin-fixed tissue at 25 ft. (2) Wash in 2 changes of distilled 
water. (3) Place in ammoniacal silver solution for 5-15 seconds, (4) Transfer 
to 8 per cent, formalin in distilled water and gently agitate the section in the 
solution for 2 minutes. (5) Wash in distilled water. (6) Tone in 0-5 per cent, 
gold chloride. (7) Fix in 6 per cent, hypo, wash, dehydrate, clear and mount 
in balsam. Successful preparations should be a dark or golden brown colour 
before toning. A pale yellow colour indicates that the formalin reducing 
solution is too strong, a grey staining of the section, that it is too weak. Tissue 
that has lain in formalin for long periods may fail to be successfully impregnated. 
This is a rapid and reliable technique, but requires considerably more care 
in the interpretation of results than the silver carbonate method. 


Experbiental observations 

Results obtained in normal tissues by the silver 
impregnation techniques 

Detailed accounts of the cells impregnated by these techniques 
in tissues outside the lung may be obtained from the references 
previously given. I have personally examined lymph nodes, 
spleen, kidneys, voluntary muscle, omentum and liver by the 
method described and by the Weil-Davenport technique. Two 
morphological types of cell are demonstrated which are affiliated 
through a large range of intermediate forms. For convenience of 
description they are referred to as type 1 and type 2 argyrophil cells. 

Type 1 cells are abundant in lymph nodes and spleen (fig. 4) and 
in a slightly varied form in the liver. They are cells with a round 
or oval nucleus and cytoplasm which is prolonged axially and 
gives off lateral branches of variable length and thickness. Their 
cytoplasm in normal tissues is impregnated to a uniform black. 
While in many instances these cells closely resemble the microglia 
of the brain (fig. 1), the constancy of morphology seen in the nervous 
system is often lacking ; thus simpler forms such as spindle, rod or 
unipolar cells may be observed. 

Type 2 cells have rounded, regular cytoplasm and a nucleus that 
is either kidney-shaped or of similar form to type 1 but it is generally 
eccentrically placed in the cell. A largo number of intermediate 
forms may connect these two types, a few of which are sometimes 
seen in normal tissues. 

Owing to the confusion which exists in the nomenclature of cells 
of the reticulo-endothelial system, it is difficult to find accurate 
synonyms for these two cell types. The following, however, may bo 
considered as approximate equivalents. Type 1. Fixed macrophage, 
resting wandering cell, adventitial cell of Marchand, clasmatocyte of 
Ranvier, rhagiocrine cell of Renaut, possibly some cells described a 3 
Rouget’s pericytes, the melanophores of the skin (Visintini), the 
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Kupffer cells of the Uver (fig. 2), the “trailer cells” of Buxton and 
Tony, and microglia of normal brain (fig. l). Type 2. Amceboid 
wandering cell, polyblast of Maximow (supposed however to have 
origins other than from the fixed macrophage), large mononuclear 
phagocyte, “ compound granular corpuscle ”, and histiocyte (fig. 3)— 
a term often used for cells of either type 1 or type 2. 


Structure of the macrophage system in the 
normal adult human lung 

This system, as shown by the silver carbonate technique, includes 
examples of both type 1 and type 2 macrophages in the perivascular, 
peribronchial and lymphatic tissues and in the alveolar walls of the 
lungs. The type 1 cells show a great variety of structure, from forms 
closely resembling the normal microglia of the brain (fig. 7) to spindle 
and rod-shaped forms (fig. 5). Many of the cells contain anthracotic 
pigment and in their typical situation round vessels and bronchi and 
in the interstitial tissues have long been recognised under the term 
“ interstitial histiocytes ”. Although there is a well marked tendency 
for these cells to congregate in the perivascular and peribronchial 
tissues, they are not confined to these sites and may be found in the 
alveolar walls, and particularly in the alveolar angles, at considerable 
distances from them. They sometimes occur singly, sometimes in 
foci of considerable size. As a rule some are free from pigment and 
consequently not detectable by ordinary histological methods. Type 2 
cells in the normal lung are present both in the sites occupied y 
type 1 cells and also in small numbers in the alveolar spaces. 
Those in the alveoli often tend to be closely applied to the alveo ar 
walls. In such cells the depth of the silver impregnation is frequen j 
much less than in the type 1 forms. Their cytoplasm, a t ioug 
approximating to the spheroidal form, is often markedly irregu a 
and feebly impregnated, while apparently non-mcleated 
which might be interpreted as portions of the cytoplasm o egene 
cells may be seen free in the alveoli. Cells which may ® c ^ Q j s0 
as intermediate varieties between types 1 and 2 (figs. * a ^ 
found in the alveolar walls and other sites where type 1 orms 1 
The small lymph nodes in the lung substance also contain ce s ^ 
types, which possibly also give rise to free alveolar p a ? oc ^, , uman 
anatomical estimation of the distribution of this system m ^ 
lung is a matter of considerable difficulty, both because ^ an 
of the organ requires a very large number of ( ) e „ ree s 0 f 

accurate estimate and also because the effects o sg^ ^ assesS . 
congestion and oedema in post-mortem material are ^ greatest 
A tentative opinion may be expressed, however, ^ a hilar 

concentration of the macrophage system of the concentration 

regions, with a less pronounced tendency to a 
in the immediately sub-pleural zones. 
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The formation of the alveolar phagocytes in the human lung 

Although in the normal human lung appearances suggestive of 
the development of free alveolar phagocytes from type 1 microglia-like 
forms may be seen, the process is not of sufficient frequency or clarity 
to justify such an assumption. Accordingly a study of pathological 
material was made to obtain further evidence. Examples of lobar 
pneumonia, bronchopneumonia, pulmonary infarction, carcinoma of 
the lung and pulmonary tuberculosis, in addition to lungs from cases 
of chronic congestive heart failure, were oxamined. In most of this 
pathological material little indication of the mode of formation was 
to be observed, although the alveoli were filled with impregnated 
cells of type 2 form. In some infarcts and in severe cases of congestive 
cardiac failure, however, a much clearer impression was gained. In 
the lung parenchyma immediately surrounding areas of infarction 
great numbers of the type 1 forms were found and these were often of 
an even more irregular and branched form than those seen in the 
normal lung. As the infarcted tissue was reached these gave place 
to forms in which the finer and sharper processes had disappeared, 
leaving an irregularly amreboid appearance. Finally a zone was 
reached in which ordinary type 2 spheroidal phagocytes were present, 
certain of which had wandered for some distance into the infarct, the 
whole process presenting a considerable resemblance to the formation 
of compound granular corpuscles in the margin of a cerebral softening. 
The detailed cell changes shown in figs. 8-13 represent essentially n 
retraction of the cytoplasmic processes into the cell body. Fragments 
of apparently non-nucleated cytoplasm, not forming part of the 
processes of any complete cell, may however be found scattered in the 
areas of cell transition, suggesting that the process involves some 
I0S3 of cytoplasmic substance as well as its retraction into a spheroidal 
cell body. That macrophages may shed portions of their cytoplasm 
has been long known and accounts for the origin of Ranvier’s term 
“ clasmatocyte ” (c/. also the recent work of Sabin, 1939). In the 
lungs of severe cases of congestive heart failure, apart from areas of 
infarction, foci showing a similar process were observed. These are 
intra-alveolar in situation and excited, as is well known, by the 
presence of extravasated red blood corpuscles, many of the impregnated 
cells containing hematogenous pigment. Similar intra-alveolar cellular 
foci were seen in a case of bronchopneumonia. 

Mention may be made of the part played by the so-called respiratory 
epithelium, which is easily seen in silver preparations of pathological 
material. It consists of a layer of oval or cuboidal cells with round 
and usually central nuclei, attached to the alveolar walls and often 
desquamating in places as free rounded cells into the alveolar spaces. 
The cytoplasm of these cells is not impregnated by silver methods, 
and though they occasionally contain formalin pigment and sometimes 
minute black particles — probably silver granules — -I have never seen 
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recognisable fragments of carbon or other form of ingested matter in 
them. It is theoretically possible, however, that they may acquire 
an affinity for silver and phagocytic powers only on becoming free 
in the alveoli ; moreover human post-mortem material usually shows 
an uneven degree of impregnation of the macrophages. The 
appearances produced by this irregularity might be held as evidence 
supporting an origin of the macrophages from the alveolar epithelium. 
Attempts were therefore made to clarify this problem by animal 
experiments. 


Experimental investigations on the origin of the 
alveolar phagocytes 


In order to obtain further evidence of the early stages of formation 
of the alveolar phagocytes and of the response to vital dyes of the 
cells impregnated with silver carbonate, the following experiments on 
cats and rabbits were undertaken. The animals were divided into 
three groups. 


Methods. Group 1. One cat and one kitten received daily intraperitoneal 
injections of 1 per cent, trypan blue. The cat received 6 injections of 10 c.c. 
per kg. body weight, the kitten 9 injections increasing from 7 to 20 c.c. per 
kg. body weight (total 31 c.c. of 1 per cent, trypan blue). The animals were 
killed 24 hours after the last injection and the lungs and other tissues 
in formol-bromido and formol-saline. Portions of the lung and other issues 
were impregnated by tho silver carbonate technique, while paraffin sec ions 
were also made and counterstainod with alum carmine. Group 2. wo ca 
and 4 rabbits were used. One cat received a single intratracheal mjec ion 
1 -5 c.c. of 1 por cent, trypan blue and was killed after 24 hours. ® 6 ® ^ 
cat received 4 daily intratrachoal injections of 1 per cent. tryP an u > ^ 
dose being increased from 2 to 5 c.c. (total dosage lfi^ c.c.). T is anim ^ 
killed 24 hours after the last injection. All injections were given ™ ^ 

and chloroform anresthosia. The rabbits each received an ui ^ ^ 

injection of 4-5 c.c. of 1 per cont. trypan blue and were killed a in rv ^ 
24 and 36 hours respectively after injection. The lungs of bo i -® 1 ^ use of 

were examined by tho same methods as in group 1, with, in a, 1 1 > ra bbit 

tho Weil-Davenport method for microglia on frozen sec ions j |e0 ( 

lungs. Group 3. Five cats were used. They each received an ^ 

injection under ether and chloroform anmsthesia of 2 C-C ' 0 , respectively 

ink, and were killed with coal-gas at intervals of 4, 1, 2, 3 an ^ a( jj;t,ion 

after tho injection. The cat killed at 3 hours had previous y r ^ p er ^g. 

6 daily intraperitoneal injections of 1 per cent, trypan ue 9 . 

body weight. Lung tissues were fixed and impregnate as m 


Group 1. Macroscopically the abdominal viscera v blue, 
deep blue, especially the liver. The lungs were a « } and 2 

Silver carbonate impregnation showed a tew rieribronchial 

scattered through the lungs in the alveolar wa s a - ne; granules 
tissues. In ordinary paraffin sections stained wi c t ] ie number 
of trypan blue could be seen in a few cells m e '^j )e number 
of cells thus demonstrated being somewhat ess t j ie cells, 

impregnated by silver carbonate. The amoun o 
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however, was small, and could not be seen through the silver im- 
pregnation. The omentum showed numerous heavily stained cells 
and in silver carbonate preparations granules of the dye could be 
seen in the impregnated cells. The Kupffer cells showed a moderate 
amount of intracellular dye. The comparatively feeble staining of the 
lungs after general vital staining is in agreement with most previous 
observations and is at least partly to be accounted for by the low 
affinity for vital dyes of the resting macrophages normally present in 
the cat’s lung. 

Group 2. The lower lobes of the lungs of both cats were stained 
deep blue. The first cat, which received a single intratracheal injection 
of trypan blue, showed a moderate number of type 2 cells, both in the 
alveolar walls and free in the alveoli. These contained granules of 
trypan blue and were all impregnated by silver carbonate, the dye 
being visible through the impregnation. The second cat, which 
received repeated injections (figs. 14 and 15) showed large numbers 
of type 2 cells in the alveoli, often clumped together. These were 
heavily stained with trypan blue and were all impregnated by silver 
carbonate, the trypan bluo being clearly visible through the im- 
pregnation. In addition, a number of type 1 cells were present in the 
alveolar walls. In a few areas the appearances suggested direct 
formation of type 2 from type 1 cells. 

The four rabbits showed numerous type 2 cells in the alveolar 
walls and alveolar spaces. Storage of dye by the impregnated cells 
became well marked at 12 hours and nearly complete 24 hours after 
injection. A number of type 1 cells were also present but showed little 
indication of transformation into type 2 forms. 

Group 3. All these cats showed a considerable number of type 2 
cells in the alveoli and alveolar walls. Many of the cells contained 
ink particles and, with the exception of cells too heavily loaded with 
ink for the silver carbonate impregnation to be visible, all the 
phagocytosis of ink appeared to be performed by impregnated cells. 
A slight increase of type 1 cells was present in some of the later 
animals in the series, but there was no evidence of direct production 
of type 2 from type 1 cells. The great proliferation that had taken 
place apparently arose from multiplication of type 2 forms. There 
was no evidence, in the animals of groups 2 and 3, of phagocytosis of 
carbon particles or of storage of vital dye by alveolar epithelial cells 
within the period of time for which these animals were studied. It 
should be emphasised that in attempting to determine whether all 
phagocytosis has been performed by impregnated cells, use should 
bo made of impregnation of frozen sections as well as paraffin 
preparations. The occasional tendency of the latter to impregnate 
only in focal areas may make the interpretation of the results extremely 
difficult. 
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Discussion 

By the use of the silver impregnation techniques it has been 
shown that the normal lungs of man, the rabbit and the cat contain 
argyrophil cells of two types. Cells of similar types occur in many 
other tissues of the body and particularly in the organs that are 
the main sites of the reticulo-endothelial system. These cells store 
vital dyes and by their reactions in pathological processes appear 
to be identical with the macrophages. Some classification of the 
principal forms taken by these cells would seem to be desirable and 
for this reason the division into types 1 and 2 was made. It is 
unlikely, however, that these ate the ' only changes in form which 
these cells can undergo, and this classification is only intended to 
apply to the pathological processes studied and to the methods of 

stimulation described in this paper. 

Some consideration may be given to the functions in the lungs 
of the two types of cell described. The type 2 cell appears pre- 
dominantly to be an active phagocyte towards bacteria, dead tissue 
in the lungs and inhaled foreign material. The type 1 cell, althoug 
it may store foreign matter, does not appear to be actively phagocyte 
and its capacity for staining with vital dyes is less mar ® * 
multiplication of the cells of this system may take p ace “ , 

In the presence at mild stimulation, e.,. after he 
injection of ink, direct division and emigration o ie yp 
account for the considerable numerical increase that occur . 
and prolonged stimulation, however, as in ™ b e 

pneumonia and congestive heart failure, the , ^asiderahfe 

derived from type 1 forms. There would appear __ mu ftipIicado» 
time lag associated with this second process. injection of ink 

of type 2 forms took place within 30 1 minutes 
into the cat’s lungs, no indication of the second 
was to be seen in animals lulled 5 hours a / does w t 

infarction in the human lung the but only in 

appear around fresh infarcts or areas. infarcted tissoe h as 

those in which some degree of necrosis o Russell (D 29 ) 

taken place. It is of interest iu this connection ^ 
observed that the formation of compoun gr jj^een the 2nd 
microglia in the brain of the rabbit was best seen 

and 4th days after injury. m in cellular reactions 

The part played by the alveolar ep appear in consider - 

in the lung remains obscure. Althoug es ^ have n0 pbagooyh® 

able numbers in pathological materia iey ^ ^ ie ability 

properties (El Gazayerli) and in parbcular they . tr* 
store vital dyes. The question whetb « ^ this P f 

alveolar lining in the normal lung is e 3 ! provided by ^ , 

but if. in fact such a lining exists it must F ^ processeS of 

this type and not, as suggested y 
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the histiocytes, since the number of histiocytes normally present in 
the lungs is too small to cover more than a small area of the 
alveolar wall. 

The monocytes of the blood appear to take a slight share in the 
cellular defence of the lungs, and while, owing to their small size, 
it is sometimes difficult to determine whether these cells are 
impregnated with silver carbonate or not, X have frequently seen 
cells with the nuclear characteristics of monocytes in blood clot in 
the vessels of impregnated lungs. The cytoplasm of such cells has 
never been impregnated. The possibility that, in accordance with 
Maximow’s theories of inflammation, the monocytes and lymphocytes 
of the blood could bo responsible for the formation of the alveolar 
phagocytes is worth close attention. The absence, however, of any 
degree of impregnation of these ceils in the peripheral blood would 
indicate that they would have to acquire an affinity for silver after 
their emigration from the capillaries of the lung. I have never observed 
any evidence of transitional stages of this type and conclude that 
such a mechanism of macrophage formation, although there is 
considerable evidence of its occurrence in other organs, is not of 
importance in the lungs. Moreover, the experiments of Gardner and 
Smith (1927), in which a normal production of phagocytes was 
obtained in lungs perfused with Ringer’s solution to remove all 
elements of the blood, would appear to eliminate the possibility of 
lymphocytes and monocytes being responsible for the production of 
the alveolar phagocytes. In the majority of pathological conditions 
in the lungs, apart from polymorphonuclear leucocytes and lympho- 
oytes, the only cells taking part in the reaction are those of the type 1 
and type 2 forms already described. In lobar and bronchopneumonia, 
however, mononuclear cells which are not impregnated by silver 
carbonate are present in the alveolar exudate ; some of these may 
be alveolar epithelium or degenerated type 2 cells which have lost 
their affinity for silver ; others are probably blood monocytes. In 
such acute infections, therefore, the monocytes of the blood probably 
play a part in the cellular defence of the lung. 

Summary 

The use of the silver carbonate and ammoniacal silver techniques 
demonstrates two types of argyropkil cells in the lungs of man, the 
rabbit and the cat. These cells bear a close resemblance to the 
microglia of the brain and to the cells of the reticulo-endothelial 
system elsewhere in the body, both of which are demonstrated by the 
same methods. Theso cells store vital dyes and react in pathological 
processes to form the alveolar phagocytes. They are considered to 
be of mesenchymal nature and members of the reticulo-endotheb'al 
system. The possible part played by other types of cell in the defence 
of the lung is discussed. 

J. pirn. pier. — tol. inn 3 E 



738 


A. H. E. MARSHALL 


I am indebted to Professor Dorothy S. Russell for much help and encourage- 
ment in the preparation of this paper and to Dr J. Gough for assistance in the 
collection of material. 

REFERENCES 


Arnold, J 

de Asua, F. J 

Belezky, W. K 

Cappell, D. F 

Carleton, H. M 

Cone, W 

Dunning, H. S., and Furth, J . . 
Dunning, H. S., and Stevenson, 
L. 

Fried, B. M 

Gardner, L. U., and Smith, D. T. 

El Gazayerli, M 

GOYANfeS, J 

von Ins, A 

DEL Rio-HORTEGA, P., AND DE 
AStJA, F. J. 

Robb-Smith, A . H . T 

Ruppert, H 

Russell, D. S 


Sabln, F. R 

Slavjansky, K 

Visintini, F 

Wells, A. Q., and Carmichael, 
E. A. 

Well, A., and Davenport, H. A. 


1882. Arch. path. Anat., Ixxxviii, 397. 

1927. Z. f. d. ges. Neurol. Psychiat., cix, 

354. 

1931. Arch. path. Anat., cclxxxii, 214. 
1929. This Journal, xxxii, 675. 

1934. Proc. Roy. Soc., B, cxiv, 513. 

1928. Arch. Neurol, cl Psychiat., xx, 34. 

1935. Amcr. J. Path., xi, 895. 

1934. Ibid., x, 343. 

1934. Arch. Path., xvii, 76. 

1 927. Amer. J. Path., iii, 445. 

1936. This Journal, xliii, 357. 

1936. Lc sang, x, 992. 

1878. Arch. path. Anat., lxxiii, 151. 

1921. Arch. d. cardiol. y. hematol, ii, 161. 

1938. This Journal, xlvii, 457. 

1878. Arch. path. Anat., lxxii, 14. 

1929. Amer. J. Path., v, 451. 

1939. Histological technique for intra- 

cranial tumours, London, p- 49. 
1939. J. Exp. Med., lxx, 67. 

1869. Arch. path. Anat., xlviii, 326. 

1931. Riv. di. Pal. Nerv., xxxvii, 36. 
1930-31. Brain, liii, 1. 

1933. Arch. Neurol, and Psychiat ., xxx, 
175. 



616 . 127 — 002 : 616 . 832 . 42 

MYOCARDITIS IN FRIEDREICH’S ATAXIA 

Dorothy S. Russell * 

From the Bernhard Baron Institute of Pathology, 
the London Hospital 

(Plates CXLVI-CXLVin) 

Tars communication is concerned with a peculiar form of chronic 
myocarditis which is associated with Friedreich’s ataxia. The 
condition has attracted some attention in France but little notice 
elsewhere, yet the first record of myocarditis in this disease appeared 
in this country (Newton Pitt, 1886-87). In France several reports 
have been published in which the myocardial lesion has been more or 
less fully described. The literature has been collected and reviewed 
by Loiseau (1938). The myocardial changes have usually been 
ascribed to bulbar sclerosis involving the vagus nuclei and thus 
facilitating sympathetic overactivity (Philippe and Oberthiir, 1901 ; 
Pic and Bonnamour, 1904 ; Guillain and Mollaret, 1932 ; Loiseau, 
1938). But a few (Lannois and Porot, 1905; Lambrior, 1911) have 
argued that an unknown toxic agent was independently responsible 
for both the myocardial and nervous lesions. 

The myocarditis described in the following four cases is similar in 
character to the kind already reported. It was first observed in 
case 1. Search through the records of the Bernhard Baron Institute 
yielded a second case (case 2) in which sections of the myocardium, 
in addition to other tissues, had been preserved. Cases 3 and 4 have 
recently been available for study through the kindness of colleagues. 
The pathological changes in the heart and central nervous system 
are so similar in the first three cases that these organs will be described 
collectively after the summaries. The distinctive features of the 
heart in case 4 will be described at the end of the section dealing 
with -the first three. 


SUMMARIES OF OASES 
Case 1 

Clinical, M, L., a girl aged 12 years, had developed normally up to tile 
ago of 3 years. Then, following an attack of measles and bronchopneumonia, 
she began to suffer from weakness and staggering, which increased in soverity. 

* Working for the Medical Research Council. 
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When first admitted to the London Hospital at the age of 8, she displayed 
marked ataxia with generalised hypotonia and absence of the deep reflexes. 
A bilateral extensor plantar response was obtained. There was no pes cavus, 
paralysis nor wasting. Lumbar puncture yielded normal cerebrospinal fluid* 
which gave a negative Wassermann reaction. The heart was not enlarged ; 
a loud systolic murmur was heard in the pulmonary area, the pulmonary second 
sound being slightly accentuated. The pulse was regular at 80-102. 

Family history negative. Two sisters and one brother healthy. 

Aftor discharge from hospital she became worse and was readmitted in 
1936, at the age of 11, with vomiting and abdominal pain following a blow on 
the nose. Surgical intervention was not required and improvement followed 
admission to the wards. 

On examination. A thin, intelligent child with flaccid emotionless face. She 
had difficulty in starting and sustaining speech. Optic discs pale and well 
defined. Retinae normal. Pupils unequal, the right being larger than the 
left, reacting poorly to light but normally on accommodation. Nystagmoid 
jerks on extreme lateral deviation. Other cranial nerves normal. Continual 
nodding movements of head. Great generalised hypotonia and few spontaneous 
movements of limbs. Tendon reflexes absent as on earlier examination. Gross 
ataxia of limbs. No sensory changes elicited. 

Following discharge from hospital she went to a rural nursing home and died 
rather suddenly in the following year. A coroner’s inquest was required and 
the following summary, based on the report of a pathological assistant from the 
Department, who attended the necropsy and secured certain organs for 
examination, is incomplete. 


Summary of necropsy ( P.M . 560/1935, Appendix) 

Heart failure ; chronic myocarditis ; Friedreich s ataxia. Great 
hypertrophy of all chambers of heart, especially left ventricle, use e 
uniformly opaque greyish pink, with firm matt cut su aces, 
visible foci of fibrosis. A few recent subpericardial hffimorr a 
over right auricular appendage. No pericarditis nor P er ^ ^ 
effusion. Endocardium and heart valves normal. j 1 ? 6 ? L, 0 f 
spleen. Congestion and advanced atrophy of centres o o 
liver. Congestion and moderate fatty degeneration o gj car 

Recent and older anaemic infarcts in posterior border o u ^ 

yellow ascites {about pints). Congestion, mucous c tissues 
post-mortem digestion of stomach. (Edema of su eu ® , supra renal 
of feet and lumbar region. Atrophy of thymus. or Slight 

bodies. Numerous caseo-calcareous glands in mese spinal cord, 
atrophy of middle and lower thoracic segmen s o ^ ^ j eve ]s 
Blurring of demarcation between grey and white ma ^ jj ra in. 
of cord on section after fixation. No visible a ^ >r , , anc j below 

Healed pressure sores on posterior aspect o o re d-haired 

right internal malleolus. No deformities w 


freckled girl of about normal height for her age. g^g g 

Weight of organs. Heart 312 g., spleen g-> 
kidney 85 g., brain 1157 g. 


r , right 
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Case 2 

Clinical. D. N., girl aged 10 years, -was admitted to the wards of the 
London Hospital eight days before death on account of difficulty in walking 
and fatigue, with a tendency to fall. This had been developing for the previous 
five years, though she had attended school until one month before admission. 

The parents were alive and well. Of seven siblings one, a brother, was 
known to have a deformity of the spine and had attended another hospital 
where the diagnosis of Friedreich’s ataxia was made. The rest of the family 
appeared normal. 

On examination. She was reported as of healthy appearance, and could 
speak and read well. There was marked equinus deformity. Irregular jerky 
nodding movements of the head were observed, also nystagmus on looking 
to the extreme left. Other eye movements were slow but full. The pupillary 
reactions were normal. No sensory loss was found. The knee- and ankle-jerks 
and the left plantar response were not elicited. The right plantar response 
was extensor. The heart was noted as “clear” by the clinical clerk. The 
pulse was regular at 90 on admission but rose to 130-140 on the day before death. 
The C.S.F. obtained by lumbar puncture gave a negative Wassermann reaction. 
No further examination of the fluid is recorded. 

Intractable vomiting began on the second day after admission and she died 
on the eighth day. 

Summary of necropsy (P.M. 278/1919) 

Heart failure ; chronic myocarditis ; Friedreich’s ataxia ; aplastic 
anaemia. Hypertrophy of heart. Small patches of fibrous pericardial 
thickening near apex of left ventricle. Irregular opaque yellow and 
slaty grey areas throughout muscle of both ventricles. Right ventricle 
0*7 cm. thick ; left 2 cm. thick. Subendocardial fatty “ tigering 
Very slight atheroma. (Edema, congestion and fatty degeneration 
of liver. Fatty degeneration of kidneys. Small spleen. Purely fatty 
marrow with a few pink flecks in lower epiphysis and lower spongiosa 
of right femur ; white fatty marrow in rest of medulla ; very pale 
pink marrow in upper spongiosa and neck ; yellow marrow in 
epiphysis of head and great trochanter. Fatty marrow (floats) 
throughout shaft of right humerus, for the most part pink in the 
upper 5/6ths ; yellow marrow in epiphysis of head and tuberosity. 
Pale red marrow in ribs, sternum and vertebra. No macroscopic 
changes in central nervous system recorded. 

Body weight 37 lb. 2 oz. Body length 3 ft. 11 in. Heart 220 g., 
kidneys 142 g., spleen 28 g. 


Case 3 

Clinical. B. J., male, aged 21 years. His doctor stated that the patient 
bad had severe attacks of vomiting when about 4 years of age. After that 
he was apt to fall about. At the ago of 8 he was forbidden to join in sports 
on account of his heart, and at 1 1 he left school. Ho occasionally played cricket 
up to the ago of 17, though he was apt to fall whon running. After 17 he began 
to need support in walking. Ho was employed as a shepherd. In Juno 1939, 
whon he was 17, he was seen by air Pennybacker as an out-patient in tho 
Nuffield Department of Surgery, Oxford. His general appearance was healthy. 

J PATH. BACT.— YOL. tVTTt 3 E 2^ 
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On examination. Slight scoliosis and tendency to pes cants. No melline 
or atrophy of optic discs. Pupils and external ocular movements normal. Some 
ataxic dysarthria and a little titubation of the head. Cranial nerves otherwise 
normal. Gross ataxy of limbs, with surprisingly little weakness. No tendon 
reflexes obtained in arms or legs ; abdominal reflexes diminished and both 
plantar responses extensor. Defective postural and vibration sense in the 
lower limbs. 

No neurological disease in the family. The only other child was said to be 
healthy. 

The clinical diagnosis was Friedreich’s ataxia. His doctor wrote that in 
May 1943 the patient was confined to bed with severe dyspnoea and tachycardia, 
the heart-beats and pulse being uncountable. He improved on digitalis and 
was able, after some weeks, to get about in a chair. He relapsed two months 
before death, which took place in May 1944, with similar symptoms. Ecchymoses 
appeared in the skin of the thighs and abdomen two weeks before death. No 
cardiac murmurs were recorded at any stage of his illness. By courtesy of 
Dr Thornton, necropsy was performed at Salisbury Royal Infirmary 36 hours 
after death. 


Summary of necropsy 

Heart failure ; chronic myocarditis ; Friedreich’s ataxia. Slight 
generalised jaundice of skin, conjunctivas and soft tissues generally. 
Considerable post-mortem degeneration of all organs. Deeply orange- 
stained ascites (a few ounces). Gross congestion of abdominal viscera, 
especially omentum, mesentery and retroperitoneal adipose tissue. 
Petechial haemorrhages in smooth visceral pericardium, especially 
over right border of heart and auriculo-ventricular groove. Great 
engorgement of subpericardial adipose tissue. Great hypertrophy an 
dilatation of all chambers of heart. Bight ventricle 0'6 to 1 cm - 
thick; left ventricle 1*2 to 1 -5 cm. thick. Focal congestion o 
otherwise clay-coloured, rather flabby myocardium.. .Aortic vave 
competent to water test. All valves normal. Organising t ' 
occluding left auricular appendage. Considerable diffuse a eT ’ 
sometimes constricting but nowhere occluding main coronary ar 
and their branches. Slight atheroma of ring of aorta, u 
elsewhere in aorta and its branches. Becent hsemorx ages i ^ 
parietal and visceral pleura and over lower lobe of e ung. 
foci of bronchopneumonic consolidation in deeply conges ' & ^ ga 

Becent infarcts in firm congested spleen. Jaundice, a Y ® jirer. 
and back-pressure congestion with paradoxical lo u a i 
Moderate dilatation of gall-bladder. Bo obstruc wn . ac } e noms 
A few foci of fat necrosis in congested pancreas. , ,j es ,' Qjd 
0-5 cm. in diameter in otherwise normal suprarena ^ norma l 
and recent infarcts in congested kidneys. pituitary 

colloidal thyroid. Congestion of glandular thymus. -educing 

body. Middle ears dry. Post-mortem hneo ^ abnormality & 
organisms of centrum ovale, but no further Y1S \ , jy e pi thoracic 
brain. Slight general atrophy of spinal cord , oonsl demarcation 
segments with flattening of dorsal columns. 
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between grey and white matter of cord except in lumbar segments. 
Slight pitting oedema of moderately wasted lower limbs, and consider- 
able of lumbar region. Bilateral pes cavus. Slight scoliosis in mid- 
thoracic region. A moderately nourished and otherwise well developed 
man. 

Weight of organs. Heart 450 g., right kidney 120 g„ thymus 18 g., 
suprarenals 15 g., spleen 122 g. 


Case 4 

Clinical. A. T., a male aged 23 years, was admitted to another hospital 
in November 1945 suffering from vomiting of three weeks* duration. He was 
said to have had Friedreich’s ataxia since the age of 16. On examination he 
was very ill, with cold extremities and an irregular pulse of 100. His speech 
was slow and slurred and nystagmus was present. The knee-jerks were not 
obtained and he was unable to move his legs. Death took place within 24 hours 
of admission. 

Necropsy w*as confined to the abdomen and thorax. Beyond the 
note that petechial hemorrhages were present in the pericardium 
and on the viscera no further information about the case has been 
obtainable. The heart was received for examination after fixation in 
formalin. 

Macroscopic examination of heart {weight 340 g.). The visceral 
pericardium was pale, smooth and mottled with petechial and larger 
(up to 0*5 cm.) recent hsemorrhages, mainly over the posterior surface 
and along the branches of the coronary arteries. All chambers were 
contracted. The valves, endocardium and coronary arteries appeared 
normal. The muscle was uniformly pale and firm and somewhat 
hypertrophied, the right ventricle being up to 0-9 cm. and the left 
up to 2-5 cm. thick. There was no obvious naked-eye abnormality 
apart from this. A few small flecks and streaks of atheroma were 
present in the aorta. 

Microscopic examination 

The histological appearances of the spleen, liver and kidney in 
cases 1, 2 and 3, of the suprarenal bodies in cases 1 and 3, and of the 
thyroid, pituitary, thymus, lung and pancreas in case 3, have been 
incorporated in the summaries of necropsies. 

Heart 

Blocks from the right and left ventricle of all cases, of the left auricle in 
case 3, and of the sino-auricular node and conducting systom in cases 1 and 3 
woro embedded in paraffin. Sections were stained with Ehrlich’s hematoxylin 
and eosin, Weigert’s iron hematoxylin and van Gieson’s mixture, Weigert’s 
elastic and neutral red, phosphotungstic acid hacmatoxylin, and (in case 4) 
Azan. Frozen sections stained by Sudan HX for fat were prepared from the 
left ventricle in nil cases, and from the right ventricle in cases 1, 3 and 4. A 
block of the loft ventricle in case 3 was fixed in Bouin’s fluid and sections were 
stained by Best’s method for glycogen. 
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In cases 1, 2, and 3 the muscle everywhere shows great hypertrophy 
of the fibres (figs. 1, 2 and 3) as compared, with a control specimen 
(fig. 4). Many fibres, distributed at random, are undergoing fatty 
degeneration. This is most pronounced in case 2. Small groups of 
fibres, and often individual fibres, are everywhere separated by a 
uniform increase of delicate collagenous tissue in which a moderate 
number of spindle fibroblasts are present. This fibrosis is least in 
case 2 and greatest in case 3. There is an uneven, rather scanty 
infiltration with small lymphocytes and fewer eosinophil and neutrophil 
leucocytes (figs. 5 and 6). Mast cells are also present in case 3. The 
infiltration is least in case 2 and greatest in case 1. The nuclei of the 
muscle fibres are large, often vacuolated and hyperchromatic, and 
irregular in outline. The longitudinal fibrils tend to occupy, the 
peripheral sarcoplasm (figs. 6 and 7), the centre of the cell being 
occupied by granular cytoplasm in which, in cases 2 and 3, lipochrome 
pigment is often present. Cross striation is usually absent and, 
where present, is feeble. Fibres in which it is absent are often swollen 
and vacuolated. No glycogen was demonstrated in the left ventricle 
in case 3. 

The Purkinje fibres of the node and conducting system are 
similarly separated by fibrous tissue and a sparse cellular infiltration. 
This fibrosis is conspicuous in the region of the sino-auricular no e 
in case 3, but is only slight in case 1. Groups of fibres of the con 
ducting system in the interventricular septum are flattene om 
ventricular dilatation, but the individual fibres do not appear o 


be altered. _ . , 

In case 4 the appearances are in general similar to t ose a ea 
described, both ventricles being involved in extensive diffuse ’ 
while the surviving muscle cells show marked hypertrop y • 
There are however important differences. Fatty degenera ion ^ 
muscle is extremely slight : it is confined to small groups ^ 
beneath the endocardium of the right ventricle an o a 
pericardial fibres in the left ventricle. Acute stages ° 
degeneration and necrosis are present in small oci ^ g j J1 gj e 
throughout the muscle of both ventricles (figs- 8 an )■ eQS j no p] i p 
fibres or small groups of fibres show either a coagu a i ^ 
necrosis or a granular, slightly hsematoxyphil change m ^ a j ec p 
The granules are sometimes brightly fuchsinop i n ^ Q f mc hi is 
purple in phosphotungstic acid luematoxylin. y s jj ru nken and 
occasionally seen but, for the most part, the e f oC i are usually 
fragmented and the nuclei have disappeared. p effer large 

densely infiltrated with neutrophil leucocytes necrosed 

phagocytic mononuclear cells, which are vre sent. 

fibres (fig. 9). Spindle-shaped * * 

changes beyond slight atheroma affect 


myocardium. 
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Central nervous system ( cases I, 2 and 3) 

Representative portions of cerebral cortex, basal ganglia, brain -stem 
(including both rostral and caudal levels of the inferior olives), cerebellum 
(including dentate nucleus), and spinal cord were embedded in paraffin. Sections 
were stained by the same methods as those used for the heart, with the addition 
of Loyez's hematoxylin. In case 2 additional blocks from the same levels and 
two further segments from the medulla oblongata were used for the Weigert-Pal 
method. In cases 1 and 3 additional blocks from the medulla oblongata and 
spinal cord were cut on the freezing microtome and sections were stained by 
Spielmeyer’s method for myelin and Bielschowsky’s method for neurofibrils. 

No significant changes are present above the level of the medulla 
oblongata. The cerebellum, including the dentate nuclei, appears 
normal save for occasional focal loss of Purkinje cells, and ischaemic 
degeneration of neurones in the dentate nucleus (case 1). 

In the medulla oblongata pallor of the dorsal spino-cerebellar 
tracts is slight in cases 1 and 3 ; no abnormality is present in 
case 2. The funiculi gracilis et cuneatus show considerable loss of 
myelin in cases 1 and 3 ; they were not sectioned in case 2. A special 
search was made for histological changes in the region of the dorsal 
motor nucleus of the vagus and the nucleus ambiguus. No changes 
beyond varying degrees of chromatolysis, affecting a minority of the 
neurones, are present in any of the cases. There is no apparent 
numerical loss of neurones and no sclerosis or demyelination in these 
regions. In case 3 there is extensive degeneration in the nuclei of 
the descending root of the fifth nerve and, less marked, in the adjacent 
nuclei gracilis et cuneatus. A similar but less pronounced degeneration 
at thiB level is present in case 1. 

In the spinal cord all cases show great demyelination and gliosis 
of the posterior columns throughout all segments, especially the 
column of Goll. A less pronounced and more variable degeneration 
is present in the dorsal spino-cerebellar and crossed pyramidal tracts : 
it is maximal in the thoracic segments and diminishes caudally in 
cases 1 and 3, but gradually increases caudally in case 2. In case 2. 
moreover, the involvement of the lateral columns is unilateral in the 
cervical region ; in the thoracic segments this disparity affects the 
pyramidal tract only, and in the lumbar cord the degeneration is 
symmetrical. The grey matter is unaffected, with the exception of 
Clarke’s column, which shows great atrophy in all cases, but again 
this is unilateral in case 2. There is no inflammatory cellular in- 
filtration at any level of the cord or its meninges. The blood vessels 
appear normal. 

Discussion 

The myocarditis in these four cases appears to be of a chronic 
progressive character. Although fatty degeneration was present in 
cases 1-3 and in several of the previously reported examples, it 
would seem, if case 4 may be accepted on the scanty available 
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data as a true example of Friedreich’s ataxia, that destruction 
of the muscle takes place through a focal, piecemeal, coagulative 
necrosis of the fibres. As a result the fibres are replaced ultimately by 
collagenous tissue and the surviving muscle undergoes a compensatory 
hypertrophy. The histological appearances suggest that this process 
continues over a prolonged period until a stage of heart-failure 
develops, and that the severe fatty degeneration is a terminal phase. 
Newton Pitt described, in his case, a focal granular degeneration of 
the muscle fibres, and Pic and Bonnamour noted the remains of muscle 
fibres in process of disappearance. But in neither was the pathology 
of this lesion more fully described, nor is there any mention of an 


associated cellular infiltration. 

On the neurological side the clinical and histological features of the 
first three eases are characteristic of Friedreich’s ataxia. In case 2 
a second member of the family was similarly affected. Medullary 
degenerations were limited to the rostral extensions of the ascending 
sensory tracts of the posterior columns, the dorsal spmo-cereheUar 
tracts and, in case 3, .the nuclei of the descending root of the ua 
nerve. Examination of the vagal nuclei revealed no sigm can 
change in any instance ; the neurones were not numerica y re uce 
nor were the nuclei involved in either sclerosis or demye a ion. 
degrees of chromatolysis present affected other neurones a a 
were attributable either to the heart failure or post-mo m e 
tion. The precise origin of the efferent fibres re ®P on ® 1 ® 
innervation of the heart is attributed by most to e ® 
nucleus of the vagus, but by some to the nucleus am igu ^ 

1928). Malone (1913-14) couples the nucleus ambiguu _ ^ 

supply to striated muscle and agrees with Mo an u* HU °j eus . 
cardiac fibres from the middle portion of the orsa neither 

The issue, however, is immaterial to the presen e ® ’ agre e 

nucleus is demonstrably affected. It is impossi e, ’ rat j on 0 f 

with those who have attributed the cardiac esion ^ conceive 

the vagal nuclei and sympathetic over-action, nor is f rom this 

how a myocarditis of the land described «dld^ * ^ 

disordered control. The changes in the myoca inter- 
action of a toxin, but there is no evidence as o j \ 0 scarlet 

stitial non-purulent myocarditis is recognise a _. . m y 0C arditb 

fever and influenza ; a sporadic form known as g. It is 

may be related to respiratory infection ( , - g Ascribed by 

of interest that a myocarditis similar to t a (fegcienov- In this 


of interest that a myocarditis simu^ ^ rleficiency. m 

Follis (1942) in rats suffering from potassm * tu bular degenera- 

i o • i n.lsn showed sever , 



tion and necrosis. In these cases oi — • no »»» 

that no inflammation was found in the o favouring a 

possible infection was disclosed at uecropsy^ the P° sS1 ® 

origin for the myocarditis it is importa t p e central nervo 

relationship between this and the degenera 
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system. That it is not fortuitous would be suggested by the present 
four cases alone. Loiseau’s series, collected from the literature, 
includes sixteen eases in which necropsy was performed. Ignoring 
three of these, in which a valvular lesion of the heart was 
demonstrated, there was hypertrophy of the heart in six, dilatation 
in four and fatty degeneration in six ; one heart was described as 
small and one as normal. The incidence of myocarditis cannot be 
estimated because the information i9 often meagre and confined to 
the macroscopic appearances. In case 4 of the present series the 
heart was not obviously abnormal to the naked eye. An interstitial 
myocarditis similar to that described in this paper has, however, 
been recorded in four cases (Newton Pitt ; Pic and Bonnamour ; 
Lannois and Porot ; and Lambrior), that is, in all examples that 
have been examined under the microscope since Priedreioh (1863), 
who found extensive fatty degeneration in his cases 1 and 3, with 
thickening of the ventricle in case 3. Irregularity of the heart’s 
action in Friedreich’s ataxia has been noted clinically from the time 
of Friedreich onwards, and has been the subject of several communica- 
tions in the French journals, although this aspect of the disease has 
been neglected in most neurological text-books. Evans and Wright 
(1942) examined 38 cases by the electrocardiograph ; they report 
conspicuous or significant changes in 12 and Blight changes in 10. 
They concluded that the disease may be as much an affection of the 
heart as of the nervous system. The incidence of cardiographic changes 
seemed in no way to be related to age or sex, or to the time of onset of 
the disease. On the other hand, it is of interest that there was an 
association between the abnormal cardiographic changes and the 
presence of a family history. Moreover the affected members of the 
one family tended to show the same type of change. While the full 
significance of these observations cannot at present be appraised they 
seem to point one way, namely to the inheritance of a lethal gene 
which affects both the heart and the central nervous system. 

Summary 

Four cases are reported in which Friedreich’s ataxia was associated 
with a chronic interstitial myocarditis, with pronounced cardiac 
hypertrophy in three. 

Examination of the medulla oblongata failed to show any histo- 
logical abnormality in the region of the vagal nuclei. 

It is argued that the myocarditis is of toxic origin and, in view 
of the known association between the nervous and cardiac disorders 
in Friedreich’s ataxia, it is probable that the same agent is responsible 
for both lesions. 
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I -wish to thank Dr A. H. T. Robb-Smith and Dr Douglas Thornton for their 
help in obtaining the necropsy on case 3 and Dr Baynton Forge for hia clinical 
notes on this ease. The heart in case 4 was kindly sent by Dr It. Kempthomo 
from the North Middlesex County Hospital. I am indebted to Mr A. John 
King for his help with the photomicrographs. 
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THE BLOOD PICTURE AND PLASMA PROTEIN 
LEVEL FOLLOWING INJURY * 

Janet Vaughan, Mascot Thomson and Mary Dyson 
The N.W* London Blood Supply Depot 

Observers who have followed the blood picture of air-xaid and battle 
casualties have been struck by the fall in haemoglobin level that 
occurs in the first fortnight after injury. In the case of bums this 
fall in haemoglobin is associated with changes in plasma protein 
(Vaughan, 1943 ; Taylor et ah, 1943 ; Cuthbertson, 1944 ; Anderson 
and Semeonoff, 1944). The degree of anosmia that may develop 
appears to be out of proportion to the amount of blood lost at the 
time of the incident. Apart from burns few accurate and detailed 
studies have, however, been made of the complete blood picture in 
such patients. As a first step to an understanding of the aetiology 
of this anaemia and hypoproteinsemia, a study of the peripheral blood 
picture and protein levels in various types of trauma was planned. 
Experience has proved that it is not easy to carry out such an 
investigation in an entirely satisfactory -way under •war-time condi- 
tions. Air-raid casualties are liable to suffer from multiple injuries, 
often affecting the arms, so that the withdrawal of adequate blood 
samples is difficult. Patients are constantly transferred without 
warning to other hospitals and much time is wasted in the pursuit of 
such patients whose investigation is not completed. Further, a 
sudden rush of casualties needing immediate therapeutic help may hold 
up all investigative work for several days. It has also proved difficult 
to train the staff in many different hospitals to collect the necessary 
samples of urine required for pigment analysis. 

Methods 

Red’ and white-cell and reticulocyte counts wore made by methods already 
described (Price- Jones, Vaughan and Goddard, 1935). ‘White-cell counts were 
made on blood withdrawn from the ear ; other estimations were made on 
venous blood, heparin being used as anti-coagulant. 'When in certain cases 
of head injury it was impossible to obtain samples from the ear, venous blood 
was used. Immediately after the blood had been mixed with heparin a sample 
was withdrawn into a diluting pipette and mixed with diluting fluid. Differential 
counts were made on films stained by Jenner’s stain. Ked-cell fragility in 
saline was estimated by the method of bade and Vaughan (1938). 

* A report to tho Medical Research Council. 
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Hemoglobin was estimated with apparatus conforming to B.S.I. specification 
no. 1079, using apparatus checked by the National Physical Laboratory and 
following the instructions laid down by the Committee on Hemoglobin Surveys 
of the Medical Research Council (1945). 

The sedimentation rate was estimated by Wintrobe’s method (Wintrobe and 
Landsberg, 1935), 

Urobilin in the urine was estimated by Schlessinger’s method (Stitt el al, 
1938), serum bilirubin by the method of Haslewood and King (1937) and serum 
and plasma protein by the micro-Kjeldahl technique (Dyson and Plant, 1943). 
Differential proteins were estimated by the method of King et al., 1942. It 
was hoped, in pieinning the investigation, to make at least daily observations 
on all patients. This proved impossible owing to the dispersal of casualties to 
hospitals in different parts of the country. In future work it is important 
to make frequent observations, especially in the first 48 hours. 


Observations 

The 14 patients studied may he divided into three groups : (I) 
accidents other than those due to enemy action; (II) industrial 
accidents in which superficial burns were associated with fractures ; 
(III) accidents due to enemy action. 

Brief clinical details of each patient, with age and sex, are shown 
in the table (p. 753). The date on which the injury occurred, even 
if this took place late at night, is considered for purposes of discussion 
and in the preparation of the diagrams as the first day. 


Group I. Accidents other than those due to enemy action 

In this group are included 5 patients with simple fractures and 
one wdth a large haematoma of the scalp. ..^ 

Haemoglobin and red cells (fig. 1). I n one patient^ (case 
only a mild injury there was no significant alteration in • ^ 

the 8 days the patient was under observation. There was ^ 
fall in red cells from 5,700,000 to 5,200,000 per c.mm. flowed 
and 3 there was a slight rise immediately after admission, ^ ^ 
by an appreciable fall reaching a maximum between n0 

10th days. In case 2, an old man with bronc is, ^ there 
appreciable rise during the 21 days of observation. nece3 sary. 

was slight improvement until a further operatio lowest 

This was followed by a further fall in Hb. of 18 per cent., tne^ ^ 
figure being reached on the 9th day after operation. ^ C3 ses 5 
lost at the time but there was no subsequent ee 
and 6 there was a fall in haemoglobin which rea ° 1 ^ was then a 11 

on the 8th and 6th day respectively. I n case rise which 

uninterrupted rise. In case 6, following an °P ® ra ’^ed a maximum 

had started was interrupted by a further fall . - S nr(r vemenfc. C as0 ^ 

8 days after operation. There was then a s ow mi gate there 

was not seen until 8 days after the acciaen . associated wit' 1 

was a rise in Hb. The changes in Hb. level 
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changes of the same order in the total red-cell count. Four out of 0 
cases therefore showed a definite and gradual fall in Hb. in the 10 
days following injury. In the fifth case— not seen until the 8th day— 



it can he presumed that such a fall had occurred, since there was a 
rising Hb. level. In the sixth case, where the injury was slight, the 
Hb. level was unaffected. No abnormality was noted in the appearance 
of the red cells in stained films. 

Reticulocytes (fig. 2). No change in the reticulocyte count was 
seen in case 1, where the injury was slight. In cases 2, 5 and C there 
was a rise within normal limits associated with the rise in Hb. In 
case 3 the count was in the low range of normal for the first 9 days 
after the accident and then started to rise, just before there was a 
slight improvement in Hb. A figure within the upper limits of the 
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normal range was then maintained until, following a second operation, 
there was a further rise associated with the presence of both hemor- 
rhage and sepsis. In case 4 there was a rise in reticulocytes to a figure 
as high as 4-2 per cent, on the 12th day, followed by a fall to the 
normal range on the 18th day. This high figure may be associated 
with the fact that the patient had previously been on a most 
inadequate diet. 



Mean corpuscular volume. 


The mean corpuscular volan ^ 


• a • **' vw **' - fin rases & uu 

red cells remained within normal levels excep • ^ increase, 

where, during the early phase of the anaemia, ere 
the maximum observed being 100 c./x. and 97-1 c.p. ^v^o-ility were 
Bed-cell fragility. In case 5 observations c0UB | a nd ffi>- 

. ,i„ + 1 -.Q K-f-ii rio-tr aff^T ininrv. when the reel 


made on the 5th day after injury, 
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were falling, and again on the 10th and 18th day No significant 
alteration in median corpuscular fragility u as noted 
Table 

Clinical details of cases 


Case 

no 

Sex 

Kge 


1 

u 

23 

Hscmatoraa of right malar and temporal region Haemorrhage from 
rt ear No fracture Afebrile 

2 

M 

67 

fracture of neck of femur Fobrilo cold on admission 3 days later, 
sulphamethazme Extension applied 3rd day 

3 

F 

34 

fracture of neck of femur 3rd day, 3J inch flanged nail inserted 
Sixth day. Smith Petersen pm hjematoma under wound 19th 
day, injured hor log moving in bed 32nd day, operation 
removal of old pm insertion of Smith Petersen pm bone graft 
from left fibula to femoral neck 33rd day, rising temperature and 
pulse sulphomethazmo 32 g hflcmatoma in wound, which 

drained well 92nd daj , ccdema and tenderness over part 

4 

F 

62 

Fracture of neck of femur Old disseminated sclerosis Insertion of 
Smith Potorsen pm oth day, febrile throughout Sulphathiazole 
on admission and 16 days later bed sores 

5 

M 

39 

Fracture of upper half left femur large luematoma Stemman pin 

■" " ays, max 101° 

largo hsematoma 
‘ Febrile 12 days, 

max 100 4° Sulphamethazmo 7th day 

6 

M 

36 

7 

M 

42 

Superficial petrol bums of face, right arm and hand compound 
fracture, torn end of radius and ulna right metacarpo phalangeal 
joint opened and tendons cut 1 pint of serum sulphathiazole 
febrile until 6th day 

8 

M 

37 

Fracture of pelvis penetrating wound rt thigh with some liaemor 
rhago superficial burns both arms and rt hand (?) ruptured 
spleen (no satisfactory evidence of this) 1 bottle plasma followed 
by saline or glucose saline drip for 6 days 6th day, increasing 
fever up to 101 8° 8th doy, sulphathiazole and two pints fresh 
blood 13th day, 2 pints fresh blood 28th day, blood aspirated 
from chest 

[Multiple lacerations of neck, chest, abdomen and legs foreign 
bodies m scalp fracture of fibula fobnle Sulphatluazolo 2nd 
day 21st day, persistent discharge from wound of rt thigh Tab 

AI B 760 29th day, operation to open up sinus m rt thigh 

9 

M 

17 

10 

M 

19 

Compound fracture of skull exploratory' trephine lacerated log 
and thigh 4th day sulphathiazolo febnlo until 13th day 21st 
day fovor Spinal fluid tested and under pressure (?) meningitis 

11 

M 

18 

Lacerated oyo lacerations of left hand exposmg metacarpo phalon 
geal joint lacerations of abdommal wall and rt thigh Fracture 
ofrt tibia Foreign bodies m scalp 5th day, febrile , sulphathiazole 
18th day, sudden rise of temperature (?) influenza 

12 

M 

18 

Multiple lacerations of head arms and legs right malar fracture 
Swinging temperature, max 100° Local sulphamlamido , tab 
sulphathiazole 8th day 

13 

M 

17 

Multiple abrasions fracturod pelv is hsematoma over rt iliac crest 
Febrile (up to 100°) 

14 

M 

39 

Puncture wound of left face large hsematoma compound fracture 
of rt radius cut into elbow joint wound of left frontal region 
puncture wound of left chest Perforation of body of stomach 
sutured on admission No transfusion Sulphathiazole Febnlo 

1 week Ulcer diet high protein intake 56 80 g for 20 days then 
full diet 


White cells No dramatic change m the total white-cell count was 
observed Case 3 had, when first seen, a count of 14,200 per c mm 
Tins rose to 17,800 per c mm dunng the first period of anaemia, 
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but no rise was noted in the second period of ansemia, With one 
exception, however, the count at the end of observation was lower 
than that seen at first, though both figures were within normal 
limits. No abnormal cells were seen at any time and the differential 
counts presented nothing unusual. 

Serum, bilirubin. This was followed in five instances. No figure 
outside the normal range was found (Vaughan and Haslewood, 1938). 
In 3 instances the level at the end of the period of observation was 
lower than at the beginning (cases 1, 5 and 6). ha one there was a 
slight rise followed by a fall (case 3). The second operation in this 
patient was followed by a farther rise. The changes, however, 



Plasma protein. Total and ^erential esttoatio^ total 
proteins were made in cases 3 and 6. In , „ n immediate 
protein only was estimated. Cases 2 an . 8 e ^ -where the 

fall in total protein followed by a slow rise. compared with 

rise was slight, the level on the 8th day was g therefore that 

an initial figure on the 3rd day of 6 <14 g. . was an initial 

an immediate fall had followed injury. c ^ s , i oflr rise to 6*82. 

low level of 5*16 g. on the 8th day, followed by a 
In case 3 (fig. 3) there was no gross change in the lev^ _ ^ ^ 
protein during the first 20 days following the ^ ^ as a 
then a considerable rise until the second °P ’ estimations s & 0 *' 

farther sharp ML The differentzal P^^ id fell in <0*** 
however, that the injury was followed 
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from 3'75 to 2-0 g. on the 8tli day and an associated rise in both 
globulih and fibrinogen fractions. The rise in these two was sufficient 
to mask the fall in albumin. Though the fibrinogen remained high 
the globulin, which readied its peak on the 8th day, then slowly fell 
to normal levels, the altered ratio being maintained for 5 days. The 
second operation w'as followed by a fall in total protein, which was 
apparent on the third day. The albumin, however, reached its 
lowest level on the 5th day after operation, when the total protein 
appeared to be rising owing to a marked increase in the globulin 
fraction. This alteration in the albumin-globulin ratio was maintained 



for 7 days. In case G (fig. 4) the total plasma protein rose slowly 
during the period of observation from a level of G-19 to G-89 g. The 
first observation was made on the 3rd day, so it is possible that 
the initial level may have been higher. The reversal in the albumin- 
globulin ratio noted in case 3 was also apparent. On the 4th day 
there was a fall in albumin, compensated for by a rise in both globulin 
and fibrinogen. 

Sedimentation rate. With one exception (case 6) the sedimentation 
rate was raised in all cases when first seen and only returned to normal 
whilo under observation in case 1, who was but slightly injured. 

Urobilin. Collection of specimens in this group of patients proved 
difficult and regular daily tests were impossible. No urobilin was 
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found in the specimens examined from eases 5 and 6. It -was not 
looked for in case 1. A trace was found in case 2, and in case 3 on 
the occasion of the first injury. On the occasion of her second injury 
large amounts were present. Considerable amounts were also found 
in case 4 on more than one occasion. 


Group II. Industrial accidents 

Case 7. This patient had superficial bums of both forearms and hands 
and a fractured pelvis. On admission to hospital he received one bottle of 
plasma and in the following 6 days, at the wish of the surgeon, ho was given 
at least G litres of saline or glucose-saline, as intra-abdominal bleeding was 
suspected without any definite evidence. In view of his blood picture it was 
then suggested that blood was indicated and two pints were given with dramatic 
improvement in the general condition. 

lied cells and haunoglobin. When seen shortly after injury the red-cell count 
was 4,160,000 and the Hb. 84-5 per cent. Six days later the red-cell count 
had fallen to 2,610,000 per e.mrn. and the Hb. to 54 per cent. Stained Sims 
showed anisocytosis and polychromasia. Following a transfusion of fresh blood 
the count rose to 3,500,000 and the Hb. to 66 per cent., at which levels they 
remained, approximately stationary, for 12 days : then the red cells gradually 
rose to 4,300,000 and the Hb. to 82 per cent. 

Reticulocytes. A maximum reticulocyte count of 2-4 per cent, was observed 
immediately before transfusion. After transfusion the count remained between 
10 and 2-2 per cent, for some days and then fell to below 1*0 per cent. 

Mean corpuscular volume. This was not measured, as venous samp® 
could not he obtained owing to the injury to the arms. 

Colour index. This remained in the neighbourhood of 1 throug ou 
observation. , , 

Urobilin. Marked amounts were present in the urine from tor 
after injury for 34 days. . . , ^ or ^. 

Case 8. This patient, following a petrol explosion in Ins p ace ^ 
was admitted to hospital with superficial bums of his face and ngi 
hand, a compound fracture of the humerus, and compound sc t ^ 
lower end of the radius and ulna. The right metacarpo-pha angea ^ 0 y 
open. Before being taken to the theatre he was given wo 
reconstituted serum. . , , the re d-cell 

Ned cells and haemoglobin. The day following the acc * 611 , j ate r the 
count was 4,450,000 per e.mrn. and the Hb. 90-5 per cen . "jys date 

red cells had fallen to 3,750,000, the HB. to 67-5 per cen . ^ 5,100,000 

there was a slow rise in the following 35 days to a red-ce co 
and a Hb. of 94-5 per cent. , coun t- was in 

Reticulocytes. Dining the period of amcmia the retie , a^n-es ranging 
the neighbourhood of 1 per cent, and fell with recovery 
between 0-2 and 0-4 per cent. . f observation of 

Mean corpuscular volume. With the exception o limits. 

77-5 e.p, the mean corpuscular volume remained wi hin n y s might he 

Fragility. Red-cell fragility was observed on ” ° ce increasing 

expected there was a slight shift in the curve to 8 J; .,,i ar £ragilit 
amcmia and return to the left with recovery. Median co p , r.-~n= m ens 
never increased but there was a 
occasion. 


recovery. , i;m i{ S 

slight tail outside normal 


bilirubin was 0-75 mg- 


As 


Scrum bilirubin. When first seen the serum — . , o-2 mg. . , 

the amemia improved the figure fell to the neigh 0U3 - g.ifi g. when K 

Serum protein. There was a fall in serum pro e 
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estimated the day after the accident to 5*42 g. on the 10th day. There was a 
subsequent rise to G-5 g. 

Sedimentation rate. This was increased throughout the period of observation. 
Urobilin. This was not seen in the urine, though repeatedly tested for. 


Group III. Accidents due to enemy action 

Six patients are included in this group. They all had multiple 
injuries typical of air-raid casualties. 



Fig. 5. — Haemoglobin levels. Group TXT 


Hcxmoglcbin and red cells (fig. 0). In four cases the Hb fell while 
under observation, reaching the lowest level between the 5th and 
10th day after injury and then rising to a figure higher than that 
seen on first examination. In one patient (case 10) there was a slow 
rise from the 3rd day after injury, in another a steady rise from the 
low figure of 76 per cent, on the 2nd day to 04-5 per cent, on the 
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* fc ctM *- 

a H™ of the red cTta Z^Z, " "" °°‘ tel “ fe 

« day a - “■ !‘f - * 

dme dSyTt *“ flre . C " Ses " bere tie reticulocyte count was act 
3 re was a use m the reticulocytes during tile first seven 



days of observation, followed by a fall to under 05 per cent. Th e 
maximum observed was 2-1 per cent. In patient 14, on whom counts 
were done almost daily, the curve is somewhat more irregular but 
of the same type, i.e. a low figure during the first few days of injury) 
rising and then falling to a figure under 0-5 per cent. 

White cells. No constant or striking change in the total white-ce 
count was found. In 4 esses fluctuations were within normal limits. 
In two a leucocytosis affecting the polymorphs more particularly was 
observed on one occasion. . 

Serum bilirubin. This was followed in 5 patients (cases 9- t 
No figure higher than 0-98 mg. per cent, was seen. In all cases 
maximum figure was found not more than 6 days after injury, 
curve then falling to a figure under 0-4 mg. per cent. 
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Urobilin. Unfortunately urobilin was only looked for regularly 
in tlie urine of ease 14. It was present in traces on the 5th day after 
injury and in considerable amounts for the following 5 days. 

Serum protein. Total and differential estimations of plasma protein 
were made in case 14 (fig. 6). Total proteins only were estimated on 
cases 9-13 (fig. 7). Two of the latter showed a fall followed by a rise. 
In two there was a considerable rise from a low level while under 
observation, and in the fifth there was no significant change from an 
initial level of G'O mg. In case 14, the initial figure was 5T2 g. on 



Fia. 7. — -Total plasma-protein levels. Group III. 


the 2nd day, rising on the 9th day to 6-85 g. The differential estimation 
showed tills rise to bo due largely to a rise in globulin and fibrinogen, 
the albumin at this point being low. This rise was followed by a fall 
in globulin and fibrinogen and a slow rise in albumin, which however 
did not compensate for the fall in the other two, so that the total 
protein fell again until the 14tli day, when there was a more steady 
rise in albumin. 
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Discussion 

Analysis of the observations made on 14 cases of injury show that 
certain common features were present, though the type of injury was 
very variable. There was a fall in Hb. during the first week followed 
by a rise, or a rise from an initial low level. Changes in Hb. were 
accompanied by parallel changes in the total red-cell count. In only 
three instances was there a significant increase in red-cell size during 
the time of the ansemia. No gross abnormality was noticed in the 
appearance of the red cells in stained films. The reticulocyte count 
was low immediately after injury, but then rose to a figure within 
or just above the upper limits of normal, immediately preceding the 
rise in Hb., and followed by a return to a steady low normal figure. 
Serum bilirubin showed no rise above normal but higher figures were 
found in the first few days after injury than at a later date. Urobilin 
was present in the urine in several cases. Total serum protein either 
fell immediately after injury, rising again slowly after a few days, ot 
else showed a steady rise from an initial low level. It is, however, 
probable that the estimation gives a fallacious picture of protein 
metabolism, as in the three instances in which differential proteins 
were estimated there was a considerable fall in albumin associated 
with a rise in globulin and fibrinogen, the rise in the two latter being 
sufficient in some instances to mask the fall in albumin. 

The raised sedimentation rate found was presumably depen an 
upon the raised level of plasma fibrinogen. The changes note m e 
total and differential white-cell counts were in no way striking. 0 
example of leucopenia was encountered. This is known to oecur m 
some instances after burns (Brown, 1944 ; F. H. L. Tay or, 
(personal communication) ; Vaughan, 1945 (unpublished observation;;, 
even when no sulphonamides are given. _ , 

The development of anaemia following injury ot ei ai \ , 
has been discussed repeatedly by those handling o a . ,, 
air-raid casualties, though it has received little commen ^ 

literature (Freebody, 1943-44). It has, however, een reco 7043- 

a serious complication of bums (Cope and Rhine an e , ^ 

Vaughan, 1943 ; Brown, 1944) and has recently been sbrn t ^ 

after operative interference wliich is not precede y J 

and Ponder, 1943). flowing bums 

Brown (1944) has suggested that the an® -which is 

may be of three types : (i) a phase of temporary an joth-l4th 
maximal about the 5th-7th day and which disapp ear ° J , severe 
day ; (ii) a phase of rapidly developing aI \ jn 10 .i4 days ; 
anosmia, less readily visible and reaching a ma corresponds 

(iii) a phase of chronic ansemia, the duration o 
roughly with that of febrile period. _ . . . between the first 

There is no very clear reason for distinguis g described 

two phases. Both types of ansemia are clearly simua 
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in the present communication and found by Seaman and Ponder after 
operation. No example of the more prolonged and severe type of 
anaemia is included in the present series and it is not, therefore, 
further discussed. 

The cause of this early anaemia remains obscure. It has been 
suggested that it is due (i) to blood loss at the time of injury or 
operation, (ii) to a haemolytic process, (iii) to a disturbance of plasma 
volume following repeated transfusions, (iv) to a disturbance of 
haemoglobin metabolism. 

The fact that in the majority of cases of both trauma and bums 
the anamia is progressive during the first week suggests that blood 
loss is not alone sufficient to account for it. The anaemia may also 
occur after simple fracture when, apart from lirematoma formation, 
there has been no loss of blood. In the case of the ansemia following 
operative interference, Seaman and Ponder were able to calculate by 
direct estimation of the blood loss in swabs and dressings that this 
was in fact insufficient to account for the fall in Hb. 

There is definite evidence (Shen and Ham, 1943) that a haemolytic 
process may result from severe burns, since hoemoglobinaemia, hemo- 
globinuria and changes in cell shape and fragility may all occur, 
probably as a result of the actual changes produced in the red cells 
at the time of burning, which renders them more easily destroyed, 
rather than to a more prolonged hsemolytic process (Shen and Ham, 
1943 ; Brown, 1944). Following trauma the red cells are not subjected 
to any such insult ; conditions are therefore different. The present 
observations do not suggest that a hsemolytic process is present. No 
changes in coll shape were apparent in stained films, and while 
measurements of red-cell fragility were few, those that were made 
showed normal fragility. The rise in serum bilirubin and the presence 
of urobilin in the urine cannot be interpreted as evidence of hiemolysis 
in the absence of other measurements of pigment excretion and may 
equally well be mdicative of disturbances of haemoglobin metabolism 
(Vaughan and Saifi, 1939). Observations on complete pigment 
excretion can alone determine if a hsemolytic factor is present. The 
evidence at present available suggests that it is not. It has been 
suggested that the ansemia may result from disturbances in blood 
volume, especially in patients receiving massive transfusions of serum 
or plasma. Since, in the present series, a fall in Hb. occurred in 
patients receiving no transfusions, such mechanically produced 
dilution can at most be merely a contributory cause in some cases 
and not the fundamental aetiological factor. That physiological 
dilution as suggested by Brown may occur cannot be ruled out, 
however, without complete blood volume observations made in 
parallel with the other estimations described here. Simple bed Test 
in healthy young men unassociated with trauma, however, causes a 
reduction in blood volume rather than an increase (Keys, 1945), and 
such dilution seems unlikely. If an increased plasma volume was 
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general a constant; foil in total protein would lie expected to accompany 
the anosmia. Such a fall does not necessarily occur, though there 
may be remarkable changes in the albumin-globulin ratio. 

By a process of exclusion, therefore, it appears that the progressive 
anosmia, in the first ten days following trauma is probably due to a 
disturbance of haemopoiesis, as suggested by Seaman and Ponder to 
explain the ansemia following operative interference. The mechanism 
of this disturbance is not known. It is true that many of the patients 
were receiving sulphonamide drugs and that fever was also present. 
It might be claimed therefore that the disturbance was dependent 
upon either the drugs or the sepsis (Vaughan and Saifi, 1939 ; Saifi 
and Vaughan, 1944), both of which will produce anaemia, probably 
as a result of interference with the synthesis of haemoglobin. Again, 
studies of pigment metabolism are required to throw light upon this 
hypothesis, but it should be remembered that neither factor was 
invariably present. 

It is tempting to link the changes in the Hb. level with the 
changes in plasma protein that occur after trauma, since the synthesis 
of Hb. is closely related to that of plasma protein (Hahn and Whipple, 


1939). 

Following injury, burns or operative interference there is a reversal 
of the albumin-globulin ratio and a rise in fibrinogen (Chanutin el al, 
1938 ; Taylor el al., 1943 ; Elman, 1944; Croft and Peters, 1945). In 
some cases the fell in albumin is masked by the rise in the two ot ier 
fractions, so that the total serum protein is unchanged; in er3 
there is also a fell iu total plasma protein. 

The disturbance in plasma protein level has been shown v o e 
workers to be associated with considerable losses of nitrogen in 
urine and a rise in blood urea, leaving the patient or oxpevime^ 
animal in negative nitrogen balance (Cuthbertson, 1944). M ^ 
Peters have suggested that the increased metabolism of tissue P 
thus indicated is due to the need of the body for one or wo P . 
amino acids ; this results in the raiding of the tissue an ^he 

proteins and the elimination of the unwanted ammo a i . ne 

authors in fact have been able to show that in burn ia s 
exerts a most effective action in relieving this nitrogen ° ss ' , f oTm s 
to be show n that methionine exerts the saine action m nsS0C jated 
of trauma. The need of the body for methionine is possi ) ^ mermJS 
with its function of methylation (Croft and P e er ne protective 
experiments have shown that methionine docs ® an ,i Whippy 
action on the liver (Messinger and Hawkins, 1940 . 1 1 ^ • Goodeli 

1942 ; Daft et al., 1942 ; Himsworth and Glynn, t, urn s and 

et al., 1944), and the evidence available suggests & - on pherc is , 
trauma are associated with a disturbance of rver . j^iin ratio 
a fall in serum proteins with a reversal of the a u . 0 f xir obih’ n 
(Higgins et al., 1944), a raised serum bilirubin and excre 

in the urine (Vaughan and Saifi). 
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It is possible that as the body stores are raided for methionine 
they may also be raided for another amino acid — lysine — which is 
essential for red-cell and haemoglobin, formation (Harris et al., 1943). 
The increased demand for lysine may be dependent upon the deficient 
liver function resulting in failure of Hb. synthesis, the demand for 
methionine being possibly dependent upon altered liver function. 
The importance of the liver in haemopoiesis is well recognised though 
still imperfectly understood. Thus both anaemia and hypoprotein- 
aemia may be dependent upon disordered liver function. 

The fall in serum protein in burns can, to some extent, be checked 
by massive protein feeding (Taylor et al . ; Croft and Peters) though 
the extent to which this may occur has been questioned in the case 
of fractures (Cutlibertson, 1930). Little is known of its effect upon 
the amemia. Case 14 in the present series is of interest in this 
connection. He was a young man who received multiple injuries as 
a result of enemy action, among them a perforating wound of the 
stomach. When seen on the second day he had a low Hb., presumably 
due to blood loss at the time of the incident, which then, unlike that 
of other patients, rose steadily. The characteristic changes in plasma 
proteins were however present. Unlike the other patients, he received 
from the outset a reasonable protein intake of 56-86 g. daily owing to 
the initiative of a ward sister. It is suggested that this patient, owing 
to his protein intake, was able to synthesise Hb., but not enough was 
given to maintain the serum-albumin. 

Further detailed studies, including complete pigment metabolism 
experiments and experimental feeding with different amino acids are 
needed in all types of trauma if the mechanism of the many 
disturbances of metabolism are to be understood.' From a practical 
point of view it would appear essential to ensure a high protein intake 
for all cases of trauma. Diet in the surgical wards should be regarded 
as of equal importance in treatment as aseptic technique. 

Conclusions 

1. Observations on the blood picture, serum bilirubin, plasma 
proteins and urinary urobilin have been made on 14 patients following 
injury. 

2. The majority of patients, irrespective of the character of their 
injury, showed during the first week a fall in hremoglobin and red 
cells and either a fall in plasma proteins or an initial low level. When 
the differential proteins were estimated, nlbumin was seen to fall but 
this was accompanied by a rise in globulin and fibrinogen. A rise in 
htemoglobin was preceded by a rise in reticulocytes and was associated 
with a rise in red cells and plasma protein. Though within normal 
limits, the serum bilirubin was higher during the first few days of 
observation than subsequently. The excretion of urobilinogen in the 
urine was noticeable in several cases. 
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3. It is suggested that the anserftia occurring in the first ten 
days after injury is not due to blood loss or hemolysis but to a 
disturbance of haemoglobin synthesis dependent upon disordered liver 
function. 

4. The importance of high protein intake in all surgical cases is 
stressed. 

Thanks are due to Dr C. D. Coyle, Fulham Hospital, Dr Horace Joules, 
Dr Avery Jones and Sir C. F. Chappie, Central Middlesex Hospital, Mr G. 
Stephen, Staines County Hospital and Mr G. H. Howells, Slough Emergency 
Hospital, for permission to investigate the patients under their care and for 
their encouragement and co-operation. 
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THE C HAN GES IN THE KIDNEYS IN CARBON 
TETRACHLORIDE POISONING, AND THEIR 
RESEMBLANCE TO THOSE IN THE “CRUSH 
SYNDROME ” 


W. W. Woods 

The Bernhard Baron Institute of Pathology, The London Hospital 

(Plates CXLIX and CL) 

Profound and sometimes fatal involvement of the kidneys in carbon 
tetrachloride poisoning has been recognised for some time (Dudley, 
1935 a and 6), though emphasis has more often been laid on the 
damage sustained by the liver. The three cases here described were all 
in young men, serving in the Navy, who became affected after diy- 
cleaning their clothes in a confined space with Pyrene obtained from 
fire-extinguishers. Case 1 has already been reported elsewhere 
(Forbes, 1944) but is included here since no opportunity was then 
afforded for revision and extension of the original routine report 
submitted on the specimens sent for histological examination. 

The close resemblance observed between the renal changes in this 
condition and in the “crush syndrome” forms the principal reason 
for this communication, and a theory accounting for certain features 
of the histological picture will be presented. 

Case 1 

Clinical. A French potty-officer, aged 35 years. Apart from his reputation 
os a heavy drinker nothing -was known of his previous history. He was one 
of a group who took to cleaning their clothes, in a cabin about 25 ft. by 10 ft., 
about once a week with Pyreno until, some three months later, three of them 
were tokon ill, a few days after their last exposure, with headache, general 
malaise, backache and vomiting. In the present case the man complained of 
extreme anorexia, thirst and attacks of double vision which began ten days 
beforo admission to hospital. Six days before death he began having epileptiform 
convulsions and became comatose. 

On examination, there was no jaundice and the liver was not palpable. 
Blood pressure was 1G0/90 mm. Hg., lumbar puncture yielded normal cerebro- 
spinal fluid, and blood urea was 143 mg. per 100 ml., rising later to 365 mg. 
There was heavy albuminuria, with abundant leucocytes and red cells but no 
casts in the deposit. With the administration of sedatives and intravenous 
glucose -saline he became partly conscious, but there was incontinence of urino 
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and feces. He developed signs of heart-failure, with galWhvthm and 
pulmonary oedema, and died sixteen days after the onset of the illness and 
six days after admission to hospital. 

Necropsy (Surg.-Commander T. W. Eroggatt, R.N.). Intense 
oedema and congestion of lungs. Dilatation of right side of heart, 
contraction of left. Cloudy swelling of myocardium. Pus in crypts 
of fibrosed tonsils. Enlargement of glands of neck. A little yellowish 
fluid in peritoneal cavity. Nutmeg type of congestion of liver. 
Kidneys enlarged (left 9-5 oz., right 8-5 oz.) and swollen, with smooth 
subcapsular surfaces and pale cortex ; deep congestion of medulla. 
Albuminous urine (8 oz.) in bladder. Congestion of meninges but no 
further abnormality in brain. 11 


Microscopical ■ examination 


Small pieces of kidney and liver and a cervical gland were received in 
formalin. After paraffin embedding, sections were stained with hematoxylin 
and eosin, iron luematoxylin and van Gieson, and Weigerb’s elastic stain. In 
addition sections of the Iddney were stained with Azan and by the benzidine 
method for red cells. Frozen sections from the kidney and liver were stained 
with Sudan IH. 


Kidney. The glomerular tufts are full but show no increase of 
endothelial cells. The red-cell content of the capillaries is uneven, 
many of the vessels being empty. The capsular spaces contain 
considerable quantities of eosinophil flocculent debris. In association 
with this there is severe albuminous degeneration and desquamation 
of the capsular epithelium, many areas being denuded. The efferent 
passage into the first convoluted tubule is often dilated and t e 
epithelium here is swollen and frequently pouts into the adjacent par 
of the capsular space. Apart from a few fibrosed isclmnic glomeru 
the glomerular appearances are otherwise normal. 

Throughout the tubules the lumina are somewhat dilated, evere 
albuminous and dropsical degeneration affects the epithelium o 
first convoluted tubules, but there is no hyaline-droplet egenera i 
nor necrosis. The lumina contain eosinophil flocculent ® 3 
similar to that in the glomerular capsules. Many groups o se ^ 
convoluted tubules and ascending loops of Henle are e 
greatly flattened epithelium in which the nuclei are unequa y 
and in which considerable lengths are altogether evoi o ' ^ 

Dyknosis and lraiyorrhexis are often present. Such tu u es 
contain casts, either of brilliantly eosinophil, fuensinop P nu j ar 

material suggestive of fragmented red corpuscles, or o 7*^ these 

less eosinophil material with a faint orange tinge. _ hyaline 
granular casts, or present in other tubules, are pa e eosm mec j u ]]a, 
casts which stain blue with Azan. Descending towar s anJsetoas 
all types of cast occupy the collecting tubules an are contains 

than in the cortex. In the lower medulla almos every 
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Fig 1 — Case 1 Medullary pyramid showing engorgement of vasa recta and cast in 
collecting tubulo H and E X 230, 
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a cast which, in hsematoxylin and eosin preparations, is pinkish orange 
and sometimes incorporates brightly eosinophil granules. 

There is patchy engorgement of the capillaries in the cortex but 
great and uniform engorgement of the vasa recta (fig. 1). Some 
large veins adjacent to the arcuate arteries and their branches in the 
intermediate zone are dilated, and many contain portions of mural 
thrombus. Such areas of thrombosis are often closely contiguous to 
an adjacent renal tubule, apparently in the ascending loop of Henle, 
and in several such sites a communication can be demonstrated between 
the two lumina (figs. 2 and 3). The epithelium of the tubule then 
shows a disorderly arrangement, with occasional heaping up of the 
cells upon one another and evidence of proliferation in the form of 
karyoldnesis. Groups of epithelial cells are often seen in the mass 
of thrombus coating the wall of the adjacent vein. Occasionally fresh 
red corpuscles are present in tubules near the site of such communica- 
tions. In benzidine preparations these cells give the same grade of 
reaction as do the intravascular red cells, but the brightly eosinophil 
particulate matter in the renal tubules elsewhere gives a fainter 
reaction. 

There iB a patchy formation of young granulation tissue in the 
intermediate zone in relation to these tubulo-venous communications. 
In the medulla there is often focal infiltration of the tissues around 
the engorged vasa recta with small lymphocytes, plasma cells and 
cells indistinguishable from hsemocytoblasts. Occasionally there are 
small recent haemorrhages in these areas. The blood within the 
adjacent vasa recta includes a considerable number of immature 
white cells, including liasmocytoblasts. Elsewhere there is slight 
hypertrophy of the intima of the arteries, but no definite medial 
hypertrophy. In the frozen sections there is no sudanophil fat in 
the kidney. 

Liver. A small area in the centre of each lobule shows severe 
degeneration and necrosis, with very little associated fatty change. 
There are also cells containing pigment which gives a positive reaction 
for iron. Hi these areas the sinusoids are dilated, but this seems to 
be secondary to the necrosis of liver cells, because it is not found in 
the intermediate zones of the lobules. In the centres of the lobules 
and in the portal systems there is slight infiltration with lymphocytes 
and larger mononuclear cells. The liver parenchyma elesewhere 
appears normal. 

Cervical lymph gland. There is conspicuous sinus catarrh. 


Casa 2 

Clinical. A lieutenant K.C.N.R., aged 34 years, was admitted to hospital 
four days after he had cleaned clothes with Pyrene in on enclosed compartment 
Oil board ship. He complained of vomiting and of pain in tho back and abdomen. 
On examination the urine contained albumin, with debris, leucocytes and o few 
red cells in tho deposit. No red cells were found four days after admission but 
j. rim. mar.— tol. run 3 Q 
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albuminuria was persistent. Seven days after admission the blood urea was 
266 mg. per 100 c.c. Blood count red corpuscles 4,880,000, Hb. 102 per cent 
white cells 13,200 (neutrophil polymorphonuelears 70, lymphocytes 18, mono’ 
nuclears 8, eosinophil polymorphonuelears 3 and basophils 1 per cent.). He 
died, apparently in uraemia, thirteen days after exposure. 

Necropsy (Surg. -Commander T. W. Froggatt, R.N.). Heart 
distended with fluid blood. Myocardium pale and flabby. Almost 
complete obliteration of pleural sacs by fibrous adhesions ; a little 
free fluid in remainder of cavities. Intense oedema and congestion of 
lungs. Small amount of clear fluid in peritoneal cavity. Liver (4 11). 
10 oz.) slightly swollen, with mottled cut surface due to congestion of 
centres of lobules. Spleen (10|- oz.) congested, with hyperplasia of 
pulp. Kidneys (right 8|- oz., left 8 oz.) swollen and finable, with very 
pale cortex. Congestion of pancreas, stomach and small intestine. 


Microscopic examination 

Pieces of kidney, liver, pancreas, suprarenal, spleen and lung were received 
in formalin. The same technique was used as in case 1. 

Kidney. The appearances are closely similar to those described 
in case 1 except in a few particulars. The lumen of one tubule in the 
cortex, probably second convoluted, is fifled with neutrophil leucocytes. 
In other convoluted tubules there are occasional spheroids of crystalline 
appearance, with radial striation, that are either colourless or faint } 
hoematoxyphil. Apart from the abundant casts, of a similar character 
to those in case 1, there are collections of hsematoxyphil amorp otis 
material which are sometimes invested by a layer of flattened epd ie 13 
cells. The abundant granular casts in the collecting tubules m 
medulla are lightly eosinophil or more often faint prnkis r °' 
There are no demonstrable thrombi in the veins nor can tu u o ye ^ 
communications be clearly seen, but changes are presen ^ ^ 
interstitial tissue of a similar character to those P res ® n , ^ 
communications in case 1. In addition there is sparse o > 
tration of the cortex with small lymphocytes and occasions u ^ 
leucocytes. A similar infiltration, including eosinop 
is present about the large veins of the intermediate zone. ^ ^ -g aI iy 
Liver. The appearances are similar to those in a j )0U t the 
stages of regeneration are present in the liver parenc ym 
central areas of necrosis in the lobules. Large drop 1 e s ^ jj, e 
material are present in occasional cells in the less a ec 
parenchyma. , ^ moderate 

Spleen. There is great engorgement of the pi ?■ dfetrI 'but«d 

number of myelocytes and haemocytoblasts are e n corgem^l 

XI. _ T.rnn There IS diffuse en D 


in the strands and sinusoids. Lung. There 
and slight anthracosis. Suprarenal and pancreas 


normal- 
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Case 3 

Clinical. A supply assistant, K.N., aged 26 years, was admitted to hospital 
with general malaise, backache and vomiting of three days’ duration, coming 
on 4 days after he had cleaned his clothes with Pyrene. Ho had passed very 
little urine during the three days before admission and it had been found to 
be loaded with albumin. 

On examination, he was pale and rather puffy under the eyes. Subconjunc- 
tival haemorrhages present in both eyes. Slight pitting oedema about the ankles, 
Blood pressure 154/86 mm. Hg. Apart from tenderness over the kidneys the 
abdomen was normal. Blood urea 170 mg. rising to 347 mg. per 100 ml. two 
days before death. The urine yielded a dense cloud of albumin ; numerous 
red corpuscles and leucocytes in deposit. Hi j mans van den Bergh reaction 
negative ; icterus index 4. 

Five days after admission he developed pulmonary oedema. The output 
of urine fell to 1*5 oz. on the day beforo death and he died, after increasing 
difficulty in respiration, and the expectoration of blood-stained frothy sputum, 
on the eleventh day of illness and fifteen days after exposure to carbon 
tetrachloride. 

Necropsy (Surg. -Commander W.P. E. McIntyre, Pv.N.). Dilatation 
of left auricle. Blood-stained frothy fluid in trachea and bronchi. 
A few fibrous pleural adhesions over posterior surface of left lung. 
Intense oedema and congestion of lungs. A small amount of clear 
fluid in peritoneal cavity. Congestion of centres of lobules of liver 
(58 oz.). Spleen normal. Kidneys (right 8 oz., left 8| oz.) swollen, 
with pale cortex. Congestion of small intestine. 

Microscopic examination 

Three paraffin blocks of portions of kidney, liver and lung respectively were 
received. . The stains used were the same ns in case 1. 

Kidney. The appearances are identical with those in case 2 
except in the following details. The amount of albuminous debris 
in the glomerular capsules is rather less in the present case. The 
predominance of brightly eosinophil particulate casts is more accen- 
tuated, both in cortex and medulla (fig. 4) ; they are intimately mixed 
up, in places, with desquamated epithelial cells and albuminous 
eosinophil material and many of the casts are coated with epithelium. 
One tubulo -venous anastomosis was identified (fig. 5) without 
thrombosis in the affected vein, but in the photograph the details of 
the tubular element of the lesion are obscure. 

Liver and lung. The appearances are similar to those in case 2. 

Discussion 

The clinical and pathological picture in these three cases is 
remarkably uniform. Vomiting, malaise and pain in the abdomen and 
back followed exposure to Pyrene. There was no record of jaundice, 
and haunorrhages were noted only in case 3, where the conjunctiva; 
were affected. On the other hand renal function was obviously dis- 
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turbed. The output of urine was greatly diminished (case 3), though 
not suppressed to the point of anuria ; in cases 1 and 2 the output 
was not measured, but in case 1 there was coma and incontinence of 
urine and faeces. The blood urea was greatly raised in all cases, but 
it is of interest that the still higher level of 746 mg. was noted by 
Forbes in Ms ease 2 and was compatible with recovery. The urine 
in these cases contained large amounts of albumin ; red corpuscles 
and leucocytes were abundant in the deposit in cases 1 and 3 and less 
numerous in case 2. In cases 1 and 3 heart failure with pulmonary 
oedema appears to have been an outstanding terminal development. 

Pathologically it seems clear that the renal and not the liver 
damage was responsible for death. In the liver, necrosis is confined 
to the centres of the lobules ; the remainder of the parenchyma 
appears normal and there is evidence of early regeneration about the 
central foci in eases 2 and 3. The liver therefore appears to have 


entered a stage of repair. 

In the kidneys, on the other hand, there is microscopical evidence 
of severe disturbance. The histological picture is indistinguishable 
from that found in the crush syndrome : the severe degeneration, 
with loss of cells and evidence of early regeneration in the second 
convoluted tubules and ascending limbs of Henle, the abundant casts 
seemingly derived from fragmented red corpuscles, together with t e 
characteristic orange-brown or cafe-au-lait pigmented casts, are 
features common to the two conditions. In particular, attention is 
drawn to the tubulo-venous communications observed in cases 1 an 
3. These were first described by Shaw Dunn, Gillespie an iven 
(1941) in cases of crush syndrome and have been co rme 
subsequent workers. Prolonged search failed to reveal sue esI0ns 
case. 2 and one only was identified in case 3, possibly ecaus# ^ 
venous thrombi were present to act as pointers to the si es. 


venous wiromoi were present to -- . ij )e 

histological features, notably the focal interstitial reac on 
boundary zone between cortex and medulla, suggeste a _ .ya! 
communication were eluding discover} 7 -. The fact that mcwe^ ^ geg g 


after exposure to “Pyrene” was somewhat longer an +| irom bosis 
and 3 may mean that the stage of development of venous ^ om 
had not been attained by the latter cases. In a case so cn 
wMch came to necropsy in this department (P.M. _ » coU j<j be 
hours after injury no tubulo-venous nmunications 

identified. Though Shaw Dunn implied that tl ^ je Te j D! a 

were formed by a break-through from the tu ® it is here 

view that has been endorsed by Bywaters and i e ^ direction- 
suggested that the pressure may be exerted in e ^ importance 
If so, these lesions are to be regarded as of fun ® ^ j ias recently 

in. the development of the renal picture as a w o e. ^drofflc 
been demonstrated (Barclay et al., 1946-47) ^ cor tex to H ie 

there is a shunting of the renal circulation om ^ ^2 o0 d is fi ,Us 
medulla, apparently from reflex nervous impu se . 



KIDNEYS IN CARBON TETRACHLORIDE POISONING 773 


diverted into the vasa recta which form the arterio-venous anastomoses. 
As a result, the cortex suffers anoxia and the medullary vessels are 
greatly engorged. It may follow that the sudden altering of the 
relative pressures in the veins and tubules in the medulla leads to 
rupture where the walls of these structures are in close apposition, 
with the entry of blood into the lumina of the tubules. Such a 
hypothesis would account well both for the presence of red cells in 
the urine and for the distribution of the casts which appear to be 
derived from red cells in the loops of Henle, second convoluted and 
collecting tubules, and the immunity of the first convoluted tubules. 
For there seems little ground for the suggestion of Bywaters and 
Dible that these peculiar casts are formed by the condensation, owing 
to loss of water, of the flocculent debris higher up in the nephron. 
Were this so it might be expected that such a transition would 
frequently be seen in examples of severe parenchymatous degenera- 
tion of the kidney in general. This is not our experience. Unless 
blood escapes into the tubules in the manner here suggested, histo- 
logical examination of the kidneys points to no obvious alternative 
source. Further support for this theory is found in the fact that fresh 
red corpuscles are identifiable within the tubules only at points near 
the sites of these tubulo-venous communications. If the theory is 
correct, then the stage represented in case 1, in which mural venous 
thrombi are present at the sites of communication, should be regarded 
as a stage of healing in which the breach in the wall is being sealed by 
thrombus on the one side and by epithelial proliferation on the other. 


Summary 


Three cases of carbon tetrachloride poisoning are described in adult 
men in whom death was attributable to severe changes in the kidneys. 
These changes resemble those characteristic of the “ crush syndrome ”, 
It is suggested that the tubulo-venous communications present may be 
largely responsible for the clinical and histological features of this type 
of renal disease. 


I am indebted to the Medical Director General of the Navy for permission 
to publish these cases, to Professor Dorothy S. Russell for great help in the 
interpretation of the histological features, and to Mr John King for making the 
photomicrographs. 
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